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1 . PROGRAM SUMMARY 


1.1 INTRODUCTION 

This report documents the activities performed during the MAPS contract, 
from inception in December 1974 to completion of laboratory testing and 
preliminary flight evaluation tests in May 1976. 

The MAPS instrument is an infrared sensor intended for remote measure- 
ment of trace atmospheric gases such as. carbon monoxide and ammonia. A con- 
tained sample of the gas to be measured is used as a spectral filter in the 
instrument. Means are provided for determining correlation between aosor- 
tion lines of the contained gas sample and lines present in the scene energy 
spectrum due to the presence of the same gas specie in the atmosphere. This 
type of instrument is termed a gas filter correlation spectrometer. The 
measurements provided by the sensor can be related to the abundance of the 
measured gas species in the atmosphere. 

The initial objective of the MAPS program was the development of a 
flight qualified instrument for the Nimbus G mission. However, approxi- 
mately five months after the start of the contract a major redirection 
occurred. The MAPS instrument was deleted from the Nimbus flight program 
as part of a general Nimbus Program restructuring. The MAPS contract was 
redirected to develop a laboratory model of the instrument, termed the 
Electro-Optical Model (EOM' Later, the EOM was adapted for aircraft flight 
tests. 

In addition to the instrument development, the MAPS program included 
the development of a radiometric test stimulus termed the Ground Support 
Unit (GSU). The GSU provides means for radiometric calibration of the MAPS 
instrument, including response to simulated pollution effects. 

Barringer Research, Limited (BRL), of Toronto, Canada, provided major 
subcontract support to TRW in the performance cf the MAPS contract. BRL 
performed the optical design of the EOM head assembly, and designed and 
built the GSU. TRW performed overall project management, system engineering, 
electronic design and fabrication, gas cell manufacture, and system inte- 
gration and testing. 
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Sections 1.2 through 1.4 provide brief summaries of the Instrument 
background, flight Instrument concept, and results of the development and 
testing of the EOM and GSU. Section 2 provides a more detailed design 
description. Section 3 presents performance analysis and error budgets for 
the HAPS Instrument. Section 4 describes the chronological development and 
testing of the EOM and the GSU. Operation, alignment, and troubleshooting 
procedures are presented In Section 5. 

1.2 BACKGROUND 

In 1968, Convalr/General Dynamics was funded by NASA to perform a 
feasibility study of remote detection of atmospheric trace gases. Several 
classes of Instruments were considered In the study, it was determined^ 
that the gas filter correlation spectrometer offered the best overall capa- 
bility for performing such measurement from space. High sensitivity, high 
specificity, short observation time, and adaptability for spacebome 
applications were among the key features provided. 

Based upon these findings, Convair and later Science Applications, 

Inc. developed prototype instruments under NASA funding. These prototypes 
confirmed the instrument concept and achieved limited success in aircraft 
flight tests. However, measurements performed over land were severely 
affected by spurious responses to the scene backgrounds. 

Barringer Research, Limited independently developed a gas filter 
2 

correlation spectrometer for commercial use in the Canadian petroleum 
industry. The BRL instrument achieved satisfactory results in field 
operation, but testing was limited. The BRL design concept included a 
novel technique for continuous electronic balancing, which was later 
adapted for use in the MAPS instrument. 

Neither the Convair/SAI instruments nor the BRL instrument received 
extensive laboratory testing. Thus, quantitative performance comparisons 
cannot readily be >;iade. However, it may definitely be concluded that the 
MAPS instrument provides significantly better measurement accuracy than 
previous instruments of this type. The MAPS instrument is the first 
sensor of this type for which detailed performance data is available. 
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During the MAPS program, major emphasis was placed upon understanding and 
measuring instrument performance to facilitate proper interpretation and 
reduction of measured pollution data. This emphasis is reflected in the 
test program described in Section 4. 

1.3 FLIGHT DESIGN CONCEPT 

This section summarizes the design concept for the Nimbus G version 
of the MAPS instrument, as conceived prior to program redirection. 

Further information on the flight design concept and theory of operation 
is presented in Section 2.1 . 

Figure 1-1 shows the general configuration of the flight instrument 
head assembly, designed for detection of the gas species CO, NH^, and CH 4 - 
Electronics for the instrument are contained in two separate 4/0 modules. 
The sensor head was designed to be mounted below the Nimbus sensory ring, 
with the optical axis oriented toward nadir and the radiator pane! oriented 
to face the anti -solar axis. 



Figure 1-1. Flight Design Concept for MAPS Instrument 
Head Assembly 
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Figure 1-2 shows a functional block diagram of the flight instrument. 

The head assembly contains three radiometric modules, each designed for 
sensing a single gas specie. The head also contains thermal control heaters, 
electronics necessary to interface the head assembly with the two electronic 
modules, and a calibration paddle assembly. The calibration paddle provides 
warm and cold balance blackbody sources and a pollution signal calibration 
source consisting of a gas cell and a warm blackbody. The various calibration 
sources are periodically positioned in front of the radiometric module 
apertures, using a timer or stored commands to determine calibration 
frequency. 

The electronic modules provide the functions of signal processing, 
chopper drive, calibration paddle control, power conditioning, command 
switching, and data handling. Module A contains the circuitry most 
sensitive to EMI problems, and Module B contains the remaining circuitry. 

A summary of key parameters for the flight instrument is presented 
in Table 1-1 . 

1.4 EQUIPMENT DEVELOPMENT AND TEST RESULT SUMMARY 

The equipment developed for the MAPS program consists principally of 
the EOM and the GSU. Figures 1-3 through 1-5 are photographs of these units. 

The EOM is a single channel version of the MAPS flight instrument 
described in Section 1.3, without the calibration paddle assembly, 
thermal control heaters, and spacecraft interface electronics (data handling, 
command switchings, etc.). Packaging of the EOM head and electronics was 
originally designed for laboratory use to demonstrate functional operat- 
ing characteristics, and later modified for aircraft flight use. 

The GSU is a radiometric test stimulus consisting of a temperature 
controlled blackbody target and a one-half meter cell with infrared 
transmitting windows and provisions for evacuating and filling the 
cell with various gas mixtures. The hal*-meter cell has provision 
for temperature control independent from that of the blackbody target. 

Shrouds are provided at either end of the cell, to couple the cell to 
the target and the EOM and to permit evacuation of air between the units 
to prevent frosting during low temperature tests. 
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Table 1-1. Flight Design Parameter Suianary 


Parameter 

Value 

Sensitivity, V, aV, and aV', w/sr cm : 


CO Channel 

7.9 x 10‘ 9 

CH^ and NH^ Channels 

2.5 x 10" 7 

2 

Dynamic Range, w/sr cm : 


CO Channel a V, AV' 

-5 x 10‘ 8 to 1.1 x 10' 6 

CO Channel V section 

1.3 x 10' 7 to 1.2 x 10‘ 4 

CH^ and NH^ Channels a V, AV' 

-2 x 10' 7 to 4.7 x 10' 5 

CH^ Channel V section 

3.6 x 10“ 5 to 1.4 x 10' 3 

1 

NH^ Channel V section 

1.7 x 10' 4 to 2.0 x 10" 3 

Field of View, Degrees 

4.5 

Bandwidth, Hz 

0.2 

Balance Accuracy 

< RMS Noise (1 NEN) 

Outline Dimensions, cm: 


Instrument Head 

38 x 26 x 41.5 

4/0 Electronic Modules 

15 x 16.5 x 20 

Weight, Kg: 


Instrument Head 

13.5 

4/0 Electronic Modules 

3.0 (2 ea) 

Power Consumption, watts 

42.7 operating 


(10 standby) 


PRECEDING PAGE BLANK NOT FILMED 
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MAPS EOM Electronics Panel and 
Power Supply Panel 




Figure 1-5. MAPS Ground Support Unit (GSU) 


Construction of the EOM and the GSU was initiated in April 1975. The 
design, parts procurement, and assembly were performed on schedule and 
without significant problems. Figure 1-6 presents a summary schedule of 
the hardware development activities. 

The EOM Head was assembled and tested at BRl, with detectors, preamps, 
filters, gas cells and chopper motor provided by TRW. Functional performance 
of the optics, detectors, chopper, and balance sources was measured and 
determined to be within specified design limits. The EOM Head was shipped 
to TRW for integration with the electronics in August 1975. Integration 
was successfully completed during September, and system testing was begun. 

The EOM was designed for operation in either the CO mode or the NH^ 
mode. To change modes, it is necessary to exch< nge the filter, beam-splitters, 
detectors, and preamps in the instrument head. System tests were started 
with the EOM in the CO mode, operating in the 4.66 micron region with cooled 
PbSe detectors. 


Ill 



Figure 1-6. MAPS Program Summary Schedule 


Initial tests included alignment checks, signal and noise level 
measurements, and balance performance in response to blackbody targets. 
Results showed; good agreement with design theory, except that slowly 
varying balance drifts were noted. The problem was traced to temperature 
drifts in the thermoelectrical ly cooled detectors, and was eliminated by 
adding active control loops to regulate the detector temperatures. 

While the latter change was being implemented, the EOM was converted 
to the NH^ detection mode, operating in the 11.1 micron region using 
ambient temperature pyroelectric detectors. Performance during preliminary 
checkout, alignment, and balance tests showed good agreement with analytic 
predictions. The balance setting was stable in the mode. 

A gradient response test was then performed, sweeping the EOM field 
of view across a 50° C step gradient target. Large {i.e., 50 times the 
rtns noise) offsets in the AV and AV* outputs were observed. An investiga- 
tion was conducted to diagnose the cause of the gradient response and 
identify design or alignment changes which would minimize the response. 

The conclusions of the investigation were as follows. 
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• The problem was found to be present in both the CO and NHo 
modes. The magnitude of the problem was greater In the CO 
mode. 

• The largest single factor Initially was imperfect focussing 
and alignment of detectors and lenses. 

• Other significant factors included optical distortion 
effects, detector zonal variations, and nonuniformities 
in the optics and coatings. 

§ After appropriate adjustments to minimize gradient response, 
the magnitudes of offsets were reduced to a small fraction 
of the original error. In preliminary instrument flight 
tests, it was found that background effects after adjusting 
for minimum gradient response rarely exceeded the 3-sigma 
noise level of the instrument. 

In the course of the gradient investigation, it was found necessary 
to replace the detector mounts with new mounts having better adjustment 
accuracy. Polarization effects were evaluated and were determined to be 
negligible as a cause of gradient offsets. The test equipment was modified 
to improve diagnostic tools for investigating the gradient problem. A 
comprehensive description of the investigation is presented in Section 4. 

Laboratory testing of the EOM, including the gradient response 
investigation, extended from October 1975 through April 1976. The EOM 
was tested for alignment, field of view size, balance performance (response 
to blackbody targets over a range of temperatures), noise levels, 
sensitivity, dynamic range, bandwidth, gas sensitivity (response to 
simulated pollution signals provided by the GSU), and response to a 
variety of nonuniform radiance inputs. The tests and results are 
presented in Section 4. With the exception of the nonuniform radiance 
responses, the test results showed excellent agreement with theoretical 
performance predictions. The initial balance drift in the CO mode wos 
corrected by the addition of active detector temperature controllers. 
Balance stability to an accuracy better than the rms noise level (NEN) 
was demonstrated in both the NH^ and CO modes, for a period of two days 
under laboratory conditions. 



In May 1976, a series of five preliminary flight evaluation tests was 

3 

performed to measure performance of thr EOM from an aircraft platform. 

The EOM was Installed In a Cessna 402 aircraft made available by NASA Ames 
Research Center for these tests. Three flights were performed with gas 
cells removed, to evaluate basic instrument performance and background 
response effects, and two flights were performed with the CO cells installed 
to measure pollution response of the instrument. Flights were performed at 
altitudes in the range of 900 to 1800 meters, over a flight path originating 

in Torrance, California, passing over Banning, Palm Springs, and the Salton 
Sea, and returning to Torrance. It was found that the background response 
effects were typically 2 to 4 times the magnitude of the instrument rms 
internal noise level. An increase in noise level occurred during flight 
tests due to vibration of the equipment, similar in magnitude to the back- 
ground response effects. The cause of the noise increase was identified 
and eliminated subsequent to the flight tests. Pollution response signals 
measured with the gas cells installed typically ranged from 40 to 160 times 
the rms internal noise level of the instrument. Thus, the noise and 
spurious background effects were quite small relative to the measured CO 
response. 

The 6SU was completed by Barringer Research in September 1975. Minor 
delays occurred during fabrication, due to problems with various components: 

• The cooler supplied with the Eppley blackbody proved to be 
defective and had to be replaced. 

• The MKS manometer pressure gauge had to be returned to the 
vendor twice for calibration and correction of excessive 
zero drift. 

• Fabrication of the double-walled absorption cell was more 
difficult than anticipated, causing several weeks' delay. 

TRW accepted the GSU from BRL following acceptance tests performed 
there. The test results met requirements with the exception that Jie 
absorption cell achieved a minimum temperature near 255 K, while the speci- 
fication was 240 K. To operate below 275 K, a low viscosity coolant such 
as methanol was required since the coolant pump had a relatively low stall 
pressure. The GSU was shipped to TRW in late September 1975. 
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During the period of system testing at TRW, minor changes and 
Improvements were Incorporated In the GSU: 

• The coolant pump was replaced with a higher capacity, 
positive displacement pump to permit use of an anti- 
freeze/water coolant for greater safety and convenience. 

• A second vacuum pump was added to the GSU for evacuating 
the shrouds. Formerly, a single pump had been used for 
evacuating the shrouds, the cell, and the manifold, which 
proved to be inconvenient. 

• Thermal isolators were installed to reduce heat loads on 
the cell, to enhance the low temperature capability. 

e Leakage problems in the metering valve and cell, window 
seals were corrected. 

With the above changes, the GSU has proven to be an accurate, con- 
venient, and reliable test stimulus. The temperature range of the absorp- 
tion cell remains restricted to 255 K or higher, but this does not 
seriously restrict the utility of the unit in terms of simulating pollution 
signals from natural scenes. Table 1-2 provides a summary of the GSU 
design and performance parameters at the completion of all equipment changes. 


Table 1-2. GSU Parameter Summary 


Parameter 

GSU Capability 

Absorption Cell Length 

50 +0.1 cm 

Absorption Cell Aperture Diameter 

14 cm at source end; 9 cm at exit 

Absorption Cell Temperature Range 

255 K to 320 K 

Cell Thermal Stability 

+0.5 K 

Cell Window Spectral Range 

4 to 12 microns 

Cell Pressure Range 

<30 microns to 1 atmosphere 

Blackbody Source Diameter 

15 cm 

Source Temperature Range 

240 K to 350 K 

Source Emmissivity 

0.997 +0.003 

Source Uniformity 

0.1 K 

Source Temperature Stability 

+0.1 K 

Cell Mixture Concentration Control 

+1% or better 
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2. DESIGN DESCRIPTION 


This section presents a description of the MAPS instrument design. 
Section 2.1 describes the theory of operation. Section 2.2 describes the 
conceptual design of the space flight instrument. The design of the EOM, 
which was built after the restructuring of the MAPS program, is described 
in Section 2.3. The design of the Ground Support Unit built for testing 
the EOM is briefly described in Section 2.4. 

2.1 THEORY OF OPERATION 

A simplified instrument concept diagram is shown in Figure 2-1. 
Infrared energy emitted from the earth's surface passes through the 
atmosphere to the instrument. Gases in the atmosphere produce narrow 
absorption lines in the transmitted energy at wavelengths corresponding 
to gas molecule resonances. Each gas specie has a unique signature of 
absorption lines. Energy reaching the sensor is collected by a -ele- 
scope, modulated by a chopper, spectrally filtered, and simultaneously 
directed onto two detectors. 



AND CHOPPER 

Figure 2-1. Instrument Concept 
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In one detector branch a gas cell containing a sample of the gas 
to be sensed is used as a spectral filter. When absorption lines In 
the collected energy coincide with the absorption lines of the contained 
gas, the gas cell transmission coefficient Increases. In effect, the 
atmosphere and the gas cell may be considered as a pair of "comb" 
filters in tandem; optical transmission is maximum when the comb spikes 
are coincident (i.e., correlated). The output signals from the de- 
tectors are differenced and demodulated to determine a measure of cor- 
relation between the spectral content of collected energy and the spectral 
absorption lines of the gas cell. The difference signal can be related 
to the amount of the gas of interest present in the atmospiere. 

To permit precision differencing of the optical signals at the two 
detector branches, the optical and electrical responsivities must be 
balanced. The Instrument is considered balanced when the difference 
signal is equalized for a pair of blackbody targets at temperatures 
which bracket the range of surface temperature extremes. In the MAPS 
instrument, balance is maintained by a servo AGC loop which regulates 
the gain of the amplifier in the gas cell branch. An optical re- 
ference signal, derived from a pair of blackbody sources within the 
instrument, is combined with the collected scene energy to provide a 
control signal for the servo loop. 

Figure 2-2 illustrates the MAPS signal processing conceDt. The 
scene energy (S) and the balance reference energy (B) at the detectors 
are chopped at different frequencies to permit electrical separation 
of the two signal components. The AGC loop nulls the difference 
between "B" signals at the summing junction, thereby maintaining 
balance. The AS signal then provides a measure of correlation between 
the scene energy and the gas cell spectral characteristics. 
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Figure 2-2. MAPS Signal Processor Simplified Block Diagram 

The output of the vacuum path detector is separately demodulated 
to provide a radiometer signal, S2, proportonal to the total in-band 
radiance of the scene. In processing the data, AS signals are divided 
ty S2 to normalize the correlation signal, removing sensitivity to 
scene radiance variations. 

The instrument uses a spectral bandpass filter to restrict optical 
signals to a relatively narrow spectral band in which a series of 
absorption lines for the gas of interest occur. The filter band is 
chosen to minimize spurious AS outputs due to interfering atmospheric 
gas species and water vapor. To further discriminate against such inter- 
ference, a second gas cell optical path is provided in the MAPS instru- 
ment. The latter gas cell path is identical to the former one except 
that a lower concentration of the contained gas specie is provided. By 
virtue of nonlinearities in the radiative transfer proc >s, the AS 
signals derived from cells of different gas con' trat' is can be used 
to reduce measurement errors caused by interfering species. 
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More detailed discussions of the theory of operation of gas filter 
correlation spectrometers are contained in References 1, 4, and 5. 

2.2 FLIGHT INSTRUMENT CONCEPT 

A functional system block diagram of the flight instrument concept 
was presented in Figure 1-2. The instrument consists of a Head Assembly 
and two separate 4/0 electronic modules designated Module A and Module B* 

The Head Assembly consists of the following major subassemblies: 

• Instrument Housing 

• Radiometric Modules (CO, CH^, and NHj) 

• Calibration Paddle 

• Head Electronics 

The instrument housing provides a structural and thermal enclosure to 
support the radiometric modules. It includes thermal radiator panels, thermal 
insulation, an Instrument heater, a stepper gear motor to drive the calibration 
paddle, position pickoffs for sensing paddle position, wiring harnesses, and 
miscellaneous connectors and mechanical hardware. 

Each radiometric module contains an optical rail, various optical elements, 
a chopper motor and disc, blackbody sources, gas cells, detectors, preamps, 
signal amplifiers, phase reference pickoffs, and temperature sensors. The 
radiometric modules are designed for easy access and removal from the instrument 
housing. Output signal levels are high enough to achieve acceptable rejection 
of electrical interference due to cabling pickup between the radiometric modules 
and the signal processing electronics. 

The calibration paddle contains a warm balance source, a cold balance 
source, and a h V calibration source consisting of a gas cell and a warm black- 
body source. The calibration paddle periodically positions each of these 
stimuli before each of three radiometric module apertures. The calibration 
is performed automatically, with a command override capability. 

The Heed electronics provide the functions of: (a) power condition- 

ing for low-noise biases, (b) signal conditioning of pickoff signals, 
and (c) amplification of temperature sensing signals. 
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Module A contains the circuitry which requires greatest protection 
from electrical Interference and/or which generates minimum EMI. This 
consists basically of the signal processing circuitry and the data 
handling circuitry. Module B contains the remaining circuitry, which 
includes power conditioning, command switching, calibration control, 
chopper drive electronics, and temperature control electronics. 

An outline drawing of the Optics Head is shown in Figure 2-3. The 
conceptual appearance of the electronic modules is illustrated in 
Figure 2-4. 

2.2.1 Key Parameter Summary 

Table 2-1 summarizes nominal design parameters for the MAPS flight 
instrument. Table 2-2 indicates the channel spectral requirements. Gas 
cell parameters are summarized in Table 2-3. Temperature control param- 
eters are presented in Table 2-4. Error budgets for the flight instrument 
are given in Tables 2-5 and 2-6. The telemetry lists are summarized in 
Tables 2-7, 2-8, and 2-9. 

2.2.2 Optical Design 

The optical system design is illustrated in Section 3.2. The optical 
components are configured to image the (infinitely) distant scene onto the 
field stop and to relay this image to the position of the field lens. In 
addition, the relay lens images the objective lens to the position of the 
aperture stop. The field lens then reimages the aperture stop onto the 
detectors to avoid scene "hot spot" motion across tht detector. 

The imaging quality of these lenses is such that all rays passing 
the field stop reach the detector. Other lens design criteria are that 
the energy from beyono 1 degree of the field stop edge should not contri- 
bute more than 1 percent to the total optical energy, and that energy emitted 
from the objective lens stop should contribute less than 1 percent to the 
energy reaching the aperture stop. 

The lens focal lengths and locations are chosen to maximize the optical 
speed of the detector optics while allowing sufficient space to locate the 
beamsplitters, gas cells, other optics, and the chopper wheel . The lens 
design prescription is given in Section 3.2. 
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Table 2-1. Flight Instrument Design Parameters 


Parameter 

CO Channel 

CH^ Channel 

NH^ Channel 

Detector Type 

PbSe, cooled 

TGS 

TGS 

Detector Size, mm 

2x2 

2x2 

2x2 

1/2 

D*, cm Hz ' /w 

1.2 x 10 10 

6 x 10 8 

6 x 10 8 

Responslvity, v/w 

3 x 10 10 

600 

600 

Scene Chopping Frequency, Hz 

94 

23.5 

23.5 

Balance Chopping Frequency, Hz 

188 

47 

47 

F 0 V 

4.5° 

4.5° 

4.5° 

Bandwidth, Hz 

0.2 

0.2 

0.2 

Entrance Aperture, cm 

2.94 x 2.94 

2.94 x 2.94 

2.94 x 2.94 

2 

Afl product, sr cm 

.04 

.04 

.04 

Optical Efficiency 

0.12 

.077 

.084 

Electrical Efficiency 

0.40 

0.45 

0.45 

Chopper RPM 

940 

470 

470 

Cycles per Revolution, Scene 

6 

3 

3 

Cycles per Revolution, Balance 

12 

6 

6 • 

NEN, w/sr cm 2 (V, a V, or aV') 

7.9 x 10~ 9 

2.5 x 10" 7 

2.5 x 10" 7 

Dynamic Range, ( aV or aV'): 




2 

minimum, w/sr cm 

-5 x 10" 8 

-2 x 10" 7 

-2 x 10“ 7 

o 

maximum, w/sr cm 

+1.1 x 10- 6 

+4.7 x 10" 5 

+4.7 x 10' 5 

Dynamic Range, V: 




2 

minimum, w/sr cm 

1.3 x 10~ 7 

3.6 x 10" 5 

1.7 x 10' 4 

2 

maximum, w/sr cm 

1.2 x 10' 4 

1.4 x 10” 3 

2.0 x 10' 3 

Balance AGC Time Constant, sec 

25 

25 

25 
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Table 2-2. Channel Spectral Requirements 


CHANNEL 

Center 

Wavelength 

(pm) 

Half 

Bandwidth 

(percent) 

Slope 

(percent) 

Out-of-Band 
Filter Transmission 
(maximum) 

CO 

4.66 + .015 

3 + 10* 

1 

0.1* below 4.5pm 
and above 5.2pm 

ch 4 

1 

8.00 + .040 

7.5 + 10* 

3 

0.12 below 7pm 
and above 9.15pm 

nh 3 

11.10 + .050 

1 

10 + 10* 

i 

3 1 

0.1* below 9.6pm 
and above 13pm 


Table 2-3. Gas Cell Parameters 


SPECIES 

aV Gas Cell 
Partial Pressure 

AV 1 Gas Cell 
Partial Pressure 

CO 

0.35 

0.1 

CH 4 

1.0 

0.2 

nh 3 

0.2 

0.05 


Notes: 

1. All cells are filled to a total pressure of 1 atmosphere 

(760 + 20 mm Hg), with dry Ng supplementing the pollutant fill 
species. 

2. Cell Internal path length Is 1.0 + 0.05 cm for each cell. 

3. The tolerance for pollutant species partial pressure Is 

+ 5 percent for Initial fill concentration, and 5 percent max- 
imum change thereafter over a period of two years. 
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Table 2-4. Temperature Control and Measurement 
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(2) Relative temperatures of 3 detectors should not change more than 
0.1° K in 5 minutes ‘ 



Table 2-5. AV or AV' Error Budget 


Noise 

! 


! 

See Sensitivity Analysis 

1 NEN 

Scale Factor 


Demodulator Phase Errors 

0.4% 

In-Flight AV Calibration Error 

0.5% 

Detector Thermal Changes 

0.6% 

Electronic Gain Change Between 


AV Calibration Checks 

0.4% 

A/D Calibration Error 

0.1% 

rss = 

0.97% 

Balance 


Calibration Curve Measurement Error 

0.4 NEN 

Compensation Errors (errors in ad- 


justing a V calibration curves for 


measured blackbody temperatures) 

0.3 NEN 

AGC Offsets and Low-Frequency Noise 

0.6 NEN 

Spectral Matching Errors 

0.5 NEN 

Electronic Offset Changes (including 


A/D) 

0.4 NEN 


rss 1.0 NEN 
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Table 2-6. V Section Error Budget 


Noise 





See Sensitivity Analysis 

< o.r i 

(1 NEN) 

Scale Factor 




Demodulator Phase Errors 

0.4% 



Detector Thermal Changes 

0.6% 



Electronic Drifts Between Checks 

0.4% 



A/D Calibration Errors 

0.1% 




rss = 0.83% 




(0.4° K worst case) 

Bias 

Errors 




Internal Reference Radiance Uncertainty 

0.25° 

K 


Chopper Thermal Effects 

O 

CsJ 

• 

O 

K 


Objective Lens Thermal Effects 

0.1° 

K 


Electronic Offsets (incl. A/D error) 

0.25° 

JC 



rss = 0.42° 

K 

Data 1 

Quantization 




CO Channel 

< 0.5° K (for T 

2 

O 

O 

<\j 

A 


CH 4> NH^ Channels 

< 0.25°K (for T 

> 270° K) 
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Table 2-7. Digital A Telemetry List 
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Table 2-8. Analog Telemetry List 



Telemetered 

Parameter 

Measurement 

Range 

Measurement 

Accuracy 


Cooled Detector Temperatures 



1 

• V detector 

180° K to 230° K 

+ 3° K 


• AV detector 

u 

+ 3° K 


• aV' detector 

II 

+ 3° K 


Motor Temperatures 




• NH- Chopper Motor 

0 to 60° C 

+ 5°C 


t CH? Chopper Motor 

0 to 60° C 

+ 5°C 


• C(r Chopper Motor 

0 to 60° C 

+ 5°C 


• Cal ib . Stepper Motor 

0 to 60° C 

+ 5°C 


Peak Motor Currents 



8 

• NH, Chopper Motor 

TBD 

+ 10% 

9 

• CH? Chopper Motor 

TBD 

+ 10% 

10 

• C(T Chopper Motor 

TBD 

+ 10% 


Voltage Status 



11 

• Regulated +5 V 

TBD 

+ 5% 

12 

o Regulated +15 V 

TBD 

+ .5% 

13 

• Regulated -15 v 

TBD 

+ 5% 

14 

• + Motor Drive Voltage 

TBD 

+ 5% 

15 

• - Motor Drive Voltage 

TBD 

+ 5% 

16 

• T. E. Cooler Voltage 

TBD 

+ 5% 

17 

• Heater Voltage 

TBD 

+ 5% 

18 

% * 

• Regulated + 180 V 

TBD 

+ 5% 

m 

OPTO/Mech Unit Housing Temp 

-5° C to 45 # C 

+ 3° C 

1 

4/0 Module #1 Temperature 

-5° C to 45° C 

+ 3° C 

9 

4/0 Module #2 Temperature 

-5° C to 45° C 

+ 3° C 
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Table 2-9. Digital B Telemetry List 


■ 

Telemetered 

Parameter 

Function 

1 

Instrument Power Status 

Indicates Position of Main Power Relay 


Calibration Mode Status 

Indicates that Calibration Logic is in 



Manual or Automatic Mode. 


Instrument Heater Status 

Indicates State of Instrument Heater 



1 

Relay 

D 

Calibration Paddle Position Status 

1 


H 

Bit 1 



B 

Calibration Paddle Position Status 


Indicates Position of Calibration 

■ 

Bit 2 


Paddle 

H 

Calibration Paddle Position Status 

1 


H 

Bit 3 

j 


B 

Calibration Paddle Position Status 



' 

Bit 4 



8 

NH^ Motor Status 

i 

Indicates State of MH^ Motor Relay 

9 

CH^ Motor Status 

Indicates State of CH^ Motor Relay 

10 

CO Channel Power Status 

Indicates State of CO Motor and T.E. 



Cooler Power Relay 

11 

Electrical aV Calibration Mode 

Indicates Status of Electrical aV 


Status 

Calibration Command Relay 

12 

BB Heater ar ‘ signal Processing 

Indicates Status of BB Heater and 


Power Status 

Signal Processing Power Command Relay 



Status 
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The system has two beamsplitters and a beam recombiner. The beam 
recombiner adds the reference beam signal to the scene signal to achieve 
coincident images of the scene and reference beam field stops at the field 
lens. The spectral and spatial quality of the beam recombiner is not cri- 
tical as it is in an optical path common to all detectors. The beamsplitters 
must be spectrally flat so that the incident scene energy is divided by a 
constant amount as the incident scene energy undergoes changes in spectral 
content. The spatial uniformity of the beamsplitter reflectivity- transmissivity 
ratio must be well controlled that any scerie "hot spots" which sweep across 
the beamsplitter surface do not cause offsets greater than one NEN. 

The selected design uses germanium substrates for the beam combiner 
and the beamsplitters. The beam combiner has reflective metal i zed spots 
covering 15 percent of the area, and is anti reflectance coated on both 
sides to minimize transmission losses and polarization of transmitted 
energy. The beamsplitters are anti reflectance coated on one side only, 
and placed at angles of +20 and -25 degrees to the optical axis to 
minimize polarization effects as analyzed in Section 3.3. 

The spectral interference filter is placed at the aperture stop 
so that the filter is uniformly illuminated with scene radiation. As 
the beam divergence is small at this location and all detectors receive 
energy from a full complement of filter angles, the filter spatial 
uniformity requirements are not critical. 

The chopper disc is selected tor light weight, strength, and machine- 
ability. The detector side surface of the chopper disc is prepared to have 
high reflectivity. The selected materials are a beryllium chopper disc, 
polished and overcoated with a reflective gold layer. 

2.2.3 Mechanical and Thermal Design 

The instrument housing serves as the main structure supporting the 
three radiometric modules, external calibration unit, thermal radiator 
panels, and certain electronic boards. The housing is a light weight welded 
aluminum structure designed to minimize thermal gradients within the 
instrument. 
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Three sides of the instrument are covered with thermal insulation. 
Two radiator panels are attached on the anti -solar side, providing a 
radiator surface area of 1064 square cm. The smaller panel provides 
heat removal for the thermoelectric detector coolers of the CO module, 
while the larger panel provides removal of heat dissipated by the 
chopper motors and electronics. 

Figure 2-5 illustrates the concept of the radiometric module. 

Each radiometric module can be separately aligned and tested before 
installation into the housing. 

The external calibration unit consists of a wheel with three 
blackbodies as shown in Figure 2-6. All three blackbodies are thermally 
isolated from the wheel and have predetermined thermal resistances to 
their respective radiation mirrors. One blackbody has a gas cell 
mounted directly in front of it. 

Driving mechanism for the calibration unit is a geared stepped 
motor which, upon command, positions each blackbody in front of each 
objective lens of the radiometric modules for a preprogrammed time 
period and then returns them to a stowed position. In order to 
accommodate the misalignment between the calibration wheel shaft and 
the geared motor output shaft, an Oldham coupling is employed. A flex 
tape is used for electric transmission to the blackbodies' heaters 
and thermistors. 

The two balance sources are nominally maintained at 270K and 310K, 
respectively, by means of heaters and thermal radiators. The gas 
response calibration source provides a gas cell temperature of approxi- 
mately 295K and a source temperature of 300K, maintaining a fixed 5K 
temperature o'fference between the two elements. 

2.2.4 Electronic Design 

A description and analysis of the MAPS instrument electronic 
design is provided in Appendices A through E. 
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2.3 EOM DESIGN DESCRIPTION 

The design of the EOM is the same as that of the flight instrument 
concept described in Section 2.2, with the following exceptions: 

1) The EOM is a single channel version, packaged for laboratory 
operation and capable of being configured for either CO or 
NHg measurement. 

2) The optics of the Head assembly are mounted on an aluminum 
baseplate, rather than in a radiometric module. 

3) A conmon electronics panel is used for both CO and NH3 mode 
operation. Functions associated with flight operation such 
as data handling, command and control features, and power 
conditioning are not provided. 

4) The external calibration assembly is omitted. Calibration of 
the EOM is performed using the GSU. 

5) No provisions for thermal simulation of the flight instrument 
are provided. 

6) The electronics are constructed in breadboard fashion in 
19-inch rack mounting panels. 

Figures 2-7, 2-8, and 2-9 show assembly drawings of the EOM Head, 
Electronics Panel, and Power Supply Unit. A simplified electrical block 
diagram of the Head and Electronics Unit is presented in Figure 2-10. 

2.4 GROUND SUPPORT UNIT DESIGN 

The Ground Support Unit (GSU) was designed to serve as the radio- 
metric calibration standard for the MAPS instrument and provides a 
capability for simulating a broad range of source temperatures and 
pollutant concentrations. It allows a complete end-to-end checkout 
and calibration of each MAPS channel. It was designed for use in the 
performance evaluation of the EOM, and prior to the redirection of 
the contract it had been intended to be used in the performance 
evaluation of all MAPS units through to the flight model. The GSU 
consists of a blackbody radiation source and absorption gas cell 
which may be adjusted over the temperature range 240K to 320K and 
placed between the target source and each individual MAPS channel. 
Additional information on the GSU is provided in Section 4 and in 
Appendix F. 
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Figure 2-9. MAPS EOM Power Supply 
Panel Assembly Drawing 
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Figure 2-10. MAPS EOM Electrical Block Diagram 

2.4.1 Component Design Features 

2. 4. 1.1 Blackbody Target Source 

A blackbody source with a clear aperture of 12 centimeters was purchased 
from Eppley Laboratories. The source has an operating range of 240K to 
350K, the lower temperature being achieved by a thermoelectric cooler backed 
by a Lauda Brinkmann refrigerator. The source is complete with five platinum 
resistance thermometer sensors which are capable of monitoring the uniformity 
and accuracy of the source to +0 .IK. The source provides a uniformity of 
0. 1 K and a radiance uncertainty equivalent to 0.25K. 

2. 4. 1.2 Absorption Gas Cell 

The absorption gas cell consists of a type 304 stainless steel double 
walled cylinder of 1/2 meter length between germanium windows. The cell has 
four ports, two for cell windows and one each for pressure and temperature 
feedthroughs, and pump and manifold couplings. Multiple circular baffles are 
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located between the double walls of the cell to restrict the coolant fluid 
flow, reduce any dead spaces within the volume, and minimize thermal non- 
uniformities within the cell. Nine copper-constantan thermocouples are 
located within the cell, three at each end and three located in the center 
of the cell to measure thermal uniformity of the gas within the cell. The 
absorption cell is insulated with three inches of oolyurethane foam to 
reduce the effect of conductive and convective heat losses when operating 
the cell at temperatures below ambient. 

2. 4. 1.3 Cell Windows 

The cell window material is germanium. Broadband AR coatings provide 
optical transmission greater than 90 percent per window in each of the 
required spectral regions, to achieve a cell transmission greater than 
90 percent. Cell windows and coatings are chemically compatible to small 
concentrations of the test gases. Window absorption coefficients do not 
change significantly over the temperature test range. The entrance window 
clear aperture is 12 cm x 0.5 cm thick and the exit window clear aperture 

_ 3 

is 9 cms x 0.3 cm thick. The AR coatings used have a vapour pressure <10 
Torr. 

2.4. 1.4 Pressure Tranducer 

An M.K.S. pressure transducer with a 0 to 1000 Torr head is installed 
in the absorption cell to act as the standard for gas concentration measure- 
ments. However, the M.K.S. capacitance manometer has considerable drift 

. 3 

anJ cannot be used as the absolute standard in the region 10 Torr to 1 

Torr. To overcome this difficulty an NRC-801 thermocouple gauge is installed 

in the absorb .ion cell and on the manifold to measure absolute pressure over 
-3 

the range of 10 to 1 Torr, to permit zero adjustment of the M.K.S. manometer 
readout. 

2. 4. 1.5 Vacuum Pump 

A double stage rotary pump with a pumping speed of 100 liters/minute 

is used to evacuate the cell and manifold. With this pump in series with 

-2 

a molecular sieve trap an ultimate vacuum below 3 x 10 Torr can be 
achieved in the absorption cell. 
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2.4. 1.6 Heat Exchanger 

An F.T.S. model FC- 50-40 compressor with a Model P4 probe is used 
to provide the cooling capability to the circulating fluid between the 
cell walls. This combination with the probe imnersed in an insulated, 
well stirred, open topped dewar containing 8 liters of coolant and a 
room ambient of 24°C has a cooling capacity of ~ 1200 watts. A pro- 
portional thermocouple temperature controller with a 1.2 kw heater 
proportions power to the heater to achieve control accuracy of the 
fluid in the dewar of 0.1K. 

2. 4. 1.7 Thermocouple Readout 

The nine thermocouples located within the absorption cell are 
read out on a Doric multichannel digital thermometer with a resolution 
of 0. IK. 

2 . 4. 1.8 Test Gas Specifications 

Research grade test gases with certified analysis are used and 
introduced to the cell manifold via high purity stainless steel single 
stage regulators which have been helium leak tested. 

The gases provided are as follows: 

• Matheson purity nitrogen with analysis for hydrocarbons 
and dew point 

• 0.03 percent anmonia in nitrogen to a certified standard 

• 0.3 percent carbon monoxide in nitrogen to a primary 
standard contained in an aged cylinder. 
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3. SYSTEM ANALYSIS 


This section presents various analyses performed during the MAPS 
program which provide an analytic basis for understanding and evaluating 
measured instrument performance described in Section 4. Section 3.1 
presents predicteo signal levels and noise. Section 3.2 presents a ray 
trace of the optics. Section 3.3 presents an analysis of polarization 
effects due to beamsplitters in the optics train. Section 3.4 presents 
an analysis of the AGC servo loop, including a description of a computer 
simulation which was performed. Section 3.5 describes an optical design 
optimization study to reduce distortion in the optics. 

Analyses of the MAPS electronics are presented separately in 
Appendices A through E. 

3.1 SIGNAL LEVELS AND NOISE ANALYSIS 

This section describes a derivation of signal levels and noise 
density at the detector preamp outputs, for the CO and NH^ MAPS con- 
figurations. 

3.1.1 Signal Levels 

The rms signal voltage at the preamp output is calculated 
from Equation (3.1): 

V $ « Af A a T n c(| R (3-1) 

Where aN = differential radiance between chopper open and 

2 

closed positions, w/sr cm 

Aii = instrument etendue (product of area times solid 

2 

angle in collection optics), sr cm 

T = optical transmission factor 

n c ^ = chopper efficiency relative to ideal square wave 
chopper 

R = composite responsivity for detector and preamp, 
v olts/watt 
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It may be noted that the term (AN/2) represents the rms chopped 
radiance for an ideal squarewave chopper. The term is evaluated by 
estimating the amplitude of the fundamental component of the actual chopped 
waveform relative to that of a squarewave. 

For the pyroelectric detectors (NH^ channel), the detectors and pre- 
amps have compensating frequency response functions. The composite response 
is essentially flat from 10 Hz to 50 Hz, and has a measured value of 

g 

approximately 2 x 10 v/w for the EOM units prior to gain trim adjustment. 
The three EOM PbSe detectors (CO channel) all have responsivity values of 

4 

approximately 3 x 10 v/w, with flat frequency response over a wide range. 
The CO preamp gain prior to trim adjustment is 670, yielding a composite 
detector/preamp responsivity of 2 x 10 7 v/w. 

Values for the in-band radiance differential, AN, can be obtained 
from Figure 3-1. These curves are obtained from Planck's equation for an 
ideal blackbody, using nominal filter center wavelengths and half band- 
widths. The maximum scene AN arises from the radiance of a 350K scene 
minus the radiance of the 295K internal blackbody. The AN for the balance 
sources is the same, since the two sources are controlled to 350K and 295K 
respectively. 

Optical transmission factors for the scene and balance radiance 
terms differ, since the beam combiner element passes approximately 85 per- 
cent of the scene radiance while coupling only about 15 percent of the 
balance source radiance into the optical path. Scene energy transmission 
budgets are presented in Table 3-1. Transmission factors for the balance 
energy are obtained from the scene energy factors adjusted to account for 
differences in beam combiner efficiency. 

Table 3-2 summarizes the parameters and results of calculated scene 
and balance signal levels at the preamp output. 

3.1.2 aV Gain Setting 

Table 3*3 summarizes the AV radiometric signals and voltage levels, 
based upo*' the specified AV dynamic range. The gain factor K $ represents 
the gain rf the difference amplifier, demodulator, and output filter 
amplifier. K § has the units dc output volts per rms AC input volt. Values 
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Figure 3-1. In-Band Radiance Versus Source Temperature 
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Table 3-1. Optical Transmission Budget 


Element 

Transmission Factor 

CO Band 

NH 3 Band 

Lenses (5 ea.) 

0.88 

0.88 

Beam Combiner 

0.85 

0.85 

Beamsplitters (2 ea.) * 

0.30 

0.30 

Cell Windows * 

0.84 

0.62 

Filter 

0.70 

0.65 

Cell Fill Gas * 

0.91 

0.93 

Product 

0.12 

0.084 


* 

Average value for 3 optics branches, no cell in vacuum branch. 


Table 3-2. Signal Levels at Preamp Output 


Channel 

AN 

A.: 

1 

Bi 

R 

V s (rms) 

CO Scene 

0.94xl0 ” 4 

.04 

0.12 

0.92 

2 x 1 0 7 

4.15 v 

CO Balance 

0.94x1 O ' 4 

.04 

.022 

0.80 

2 xl 0 7 

0.66 v 

Scene 

Q.94xl0 " 3 

1 

.04 

.084 

0.96 

2 x 1 0 6 

3.03 v 

NH 3 balance 

0.94xl0 ' 3 

.04 

.015 

0.90 

2 x 10 ® 

0.51 v 


Table 3-3. AV Signal Levels 


Channel 

AN 0 MAX AV 

AV $ 

K 0 ) 
s 

lV out ( " ax) 

CO 

l.lxl 0 ' 6 „/sr cm 2 

■ 

48.5 mv 

-200 

9.7 VDC 

NH, 

J 1 

! 

4.7xl0' 5 u.-/sr cm 2 

152 mv 

60 

1 

9.0 VDC 

1 


^For the EOM, Kg. was set to be 45 for both the NH 3 and CO modes, 
reducing the AV and A V' output scale factors proportionately. 
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of K s are nominally picked to produce a full scale voltage slightly below 
10 Vdc. It Is assumed that the dynamic range of AV 1 signals Is the same 
as that of the AV signals. 

3.1.3 Noise Levels 


The noise density at the preamp outputs may be calculated from Equa- 
tion (3-2): 


, , H nVV 

n D* 


(3-2) 


where 


V n = rms noise volts per root hertz 

K n = preamp noise factor 

2 

Aj = detector area, cm 

1/2 

D* = detectivity of detector, cm H z /w 

The parameter D* is a function of frequency, so that the noise density 
depends upon frequency. Table 3-4 summarizes the noise density at the 
scene energy chopping frequency, f s » using typical D* values for the brass- 
board detectors. 


Table 3-4. Noise Density at Preamp Output 


r 

! Channel 

D* 

m 

K n 

R 

V n 

CO 

1.2xl0 10 

0.2 

1.1 


0.37 mv Hz' 1/2 

NH 3 

0.7x.0 9 

0.2 

1.1 

m 

-1 >2 

0.63 m v Hz ,fi 
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The noise at the AV signal output, after differencing, demodulating, 
and filtering the detector signals. Is analyzed In Section 3.4. The out- 
put noise Includes effects of noise sumnatlon at the difference amplifier 
and noise In the AGC loop feedback signal that regulates the gain balance 
element. The AV output noise voltage levels corresponding to the specified 
NEN values are given In Table 3-5 below, using the parameter values of 
Tables 3-2 and 3-3. 


Table 3-5. Calculated NEN Values 


Channel 

Specified Sensitivity 

V Output rms volts with - 45 

CO 

-9 2 

7.9 x 10 w/sr cm 

16 mV 

nh 3 

2.5 x 10” 7 w/sr cm^ 

36 mV 


3.1.4 Noise Spectra 

For pyroelectric detectors, the output noise power spectral density 
(PSD) resembles white noise passed through a single-pole lowpass filter. 

The comer frequency of the lowpass filter, determined by the detector RC 
product, is typically '''0.1 Hz. The detector signal responsivity varies 
inversely with frequency for frequencies above the RC comer. For the 
MAPS application, the detector preamp was designed to provide frequency 
compensation to flatten the signal responsivity over the range of Interest. 
The effect of the lead-lag compensation in the preenp is to provide essen- 
tially white noise at the preamp output from frequencies below 1 Hz out to 
the preamp roll-off at approximately 300 Hz. 

The PbSe detector has essentially flat frequency response, and the 
associated preamp has the characteristics of a lowpass filter with two 
poles near 3 kHz. Over this frequency range, the limiting noise mechanism 
In the detector is 1/f noise. Thus, the noise density (v/Hz^) at the 
preamp output decreases as the square root of frequency out to the preamp 
roll-off. Noise power at very low frequencies is limited by AC coupling 
the detector to the preamp, with a coupling corner frequency of typically 
1 Hz. 
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3.2 OPTICS RAY TRACE ANALYSIS 

This section documents a ray trace analysis performed on the MAPS 
optical system for purposes of verifying the design adequacy and to faci- 
litate the layout and mechanical design of the optics train. A brief 
discussion of diffraction effects is also provided. 

3.2.1 Summary 

The results of the optics design analysis are summarized below: 

1) Imaging quality of the optical system, with all windows, 
beamsplitters, etc. included, is adequate to collect the 
incident energy onto the detectors with negligible spill- 
over loss. 

2) Blur circle diameter at the field stop is less than 0.4 
degree over the 4.5 degree instrument FOV, which is con- 
sistent with the instrument performance specifications. 

3) Lens spacings and alignment tolerances are noncritical, 
provided that the detector is adjusted to compensate 
shifts in focus or lateral positions of the image format. 

4) Diffraction effects are very much smaller than geometric 
aberrations in the optics, and may be neglected. 

3.2.2 Optics Configuration 

Figure 3-2 illustrates the optical configuration used in the ray trace. 
The remaining two branches of the instrument are the same except for the 
number of plane parallel surfaces between the filter and field lens. These 
surfaces have negligible effect upon imaging quality, except for small axis 
shifts and slight focus changes. (The lens design was performed with 
these surfaces absent, and then checked with flats included to verify per- 
formance characteristics.) The cor. r, ’ 9 U' > ation shown in Figure 3-2 repre- 
sents the most complex of three L.anches. Table 3-6 lists the optical 
parameters used in the ray trace. 

3.2.3 Ray Trace Calculations 

The nominal entrance aperture at the objective is a square 29.4 mm 
on a side, with corners rounded such that the maximum diagonal length is 
37 mm. A fan of meridional rays was traced to determine ray intercepts at 
each surface, using initial ray heights of 0, +14.7 mm, and +18.5 mm. Field 
angles of 0 and +2.25 degrees were examined for these rays. The ray with 


3-7 






3-8 














Table 3-6. MAPS Optical Configuration (Continued) 
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2nd Surface Flat 



Table 3-6. MAPS Optical Conflguratl i (Continued) 



Initial height of 0 represents the chief ray. The rays at +14.7 mm 
represent the extreme rays for the optics cross-section shown in Figure 3-2. 
The rays at +18.5 mm initial height represent extreme rays for the diagonal 
plane, 45 degrees out of the plane shown in Figure 3-2. Computer printouts 
of ray heights at each surface for these rays are attached. The ray height 
is the "X" coordinate of the ray. The "Z" coordinate is the distance 
from a tangent plane at the lens vertex to the ray Intercept, measured 
normal to the tangent plane. The X values on the computer printout 
are all measured from an imaginary straight line which does not devi- 
ate in passing through the beamsplitters. The actual optical center 
line is defined by the chief ray at zero field angle, which is dis- 
placed by the beamsplitters. It will be noted that the displacement 
of the field lenses and detector surface in Table 3-6 is equal to the 
displacement of the on-axis chief ray indicated in the computer print- 
out. 

A series of spot diagrams were computed, as illustrated in Figures 3-3 
through 3-6. Ir each case, the entrance aperture was divided into a mosaic 
of 100 squares of equal area. Initially ray positions were set at the 
center of each square. Ray bundles were traced for seven field angles 
defined by the parameters <p and 0. The angle 6 represents the true angle 
of the ray bundle from the optics (z) axis, and <f> represents the "clock 
angle" of the ray bundle measured from the +X axis in the XY plan*. The 
spot diagrams of Figures 3-3 through 3-6 show an enlarged representation 
of the 2 by 2 mm detector area, with ray intercepts in the detector plane 
indicated by asterisks. Slight artifacts are present due to spacing 
increment limitations of the teletype printer. It may be seen, however, 
that the ray intercepts all fall well inside the detector format dimensions 
as desired. 

3.2.4 Diffraction Effects 

The blur circles diameter due to diffraction is approximately 2.44 
Af, where A is the wavelength and f is the relative aperture of the imaging 
system. Table 3-7 shows the values of diffraction spreading and geometric 
aberration blur at three planes in the optics train, for 11.1 microns wave- 
length. Clearly, the geometric aberrations dominate imaging performance. 
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Table 3-7. Diffraction and Geometric Blur Comparison 


lane 

F-number 

Diffraction Blur 

Geometric Blur 

Field Stop 

f/2 

.054 mm 

0.4 mm 

Field lens 

f/8 

0.22 mm 

1 .6 mm 

Detector 

f/0.9 

.024 mm 

0.3 mm 


3.3 POLARIZATION EFFECTS ANALYSIS 

3.3.1 Introduction 

An analysis was performed to determine the changes in the relative 
fractions of energy falling upon the three detectors of the MAPS optical 
system due to possible polarization and radiance variations in object 
space. A large number of rays were traced through the optical system 
using simple thin lens theory and the reflection-transmission equations 
of Reference 6. This section documents the results of this analysis. 

3.3.2 Analysis Description 

A computer program was devised to trace a bundle of rays at any 
field angle through the objective and relay lenses of the MAPS optical 
system. The ray tracing was based on the simple thin lens approximation. 
The optical system considered in this analysis is sketched in Figure 3-7. 

For this computation, it was sufficient to determine only the 
direction cosines of the rays as they left the relay lens. The angles 
of incidence of the rays on the beam combiner and beam-splitters were 
determined from their direction cosines, and this information, in turn, 
was used to calculate the reflected and transmitted amounts of the 
total energy associated with each ray, using the reflectivity and 
transmissivity equations from Section 1.5.3 of Reference 6. 

The reflectivity and transmissivity equations assume that the 
incident light has a certain polarization which the reference expresses 
as follows: 

Aj | = A COS a 
A^ = A sin a 
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where A Is the amplitude of either the electric or magnetic vector, and 
the components, A„ and A x , lie in the plane of incidence and perpendicular 
to it respectively. To specify zero initial polarization, the angle a 
would be set to 45 degrees. 

For the MAPS application, the polarization of the object scene is 
expected to be nearly zero. Values of zero and 2 percent were used to 
determine influence coefficients. This polarization was represented by 
two different angles, and o^, according to whether the parallel com- 
ponent of the Intensity is two percent larger than the perpendicular 
component or vice versa. Mathematically, the two angles are represented 
as follows: 


a 1 * tan -1 VoT98 (A X ) 2 /(A„) 2 = 0.98 

(3-3) 

a 2 = cot” 1 VO. 98 (A„) 2 /(A x ) 2 = 0.98 

Since the reflectivity and transmissivity equations are functions of the 
polarization angle, a, as well as the incidence angle, both object scene 
polarization conditions, and a were considered in this analysis. 

3.3.3 Initial Ray Distribution 

The entrance pupil of the MAPS optical system is located at the 
objective lens and is square in shape with dimensions 29.4 x 29.4 milli- 
meters. It was considered to be divided into 25 equally sized squares 
with their centers defining the entrance points for all rays traced 
through the system. 

The full field of view of the MAPS system is 4.5 degrees. Figure 3-8 
shows a cross-section of the cone of this field of view and the pattern in 
which the field was divided into 21 equal regions for ray tracing. A 
bundle of 25 parallel rays was considered to radiate from each one of the 
21 field directions. This gives a total of 525 rays to represent the 
energy from the entire object scene. Each bundle of 25 rays was spaced 
relative to the others so they would pass through the 25 specified grid 
points in the entrance pupil. 
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PERCENT OF ‘ IE CIRCLE AREA 
ABOVE THE ADJACENT LINE 



0 % 

14 % 
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86 % 

100 % 


FIELD ANGLE 

Figure 3-8. Cross-Section of the MAPS Field of View. Dots Indicate the Field Direction 
From Which Rays Were Traced. Each One of the Parallel Lines Divides the 
Field of View Into Two Regions of Unequal Intensity. 


3.3.4 Intensity Gradient 

An important consideration In this analysis was the change in the 
distribution of the energy between the detectors when one region of the 
object scene radiates energy at a higher intensity than the rest of the 
object scene. The approach taken in this investigation is illustrated in 
Figure 3-8. A chord is located at some chosen field angle within the 
circular cross-section of the field of view. In Figure 3-8 the chosen 
chord positions are seen to be 2.25°, 1.35°, 0.45°, -0.45°, -1.35°, and 
-2.25°. For a given chord position, the points above the chord in the 
field of view were considered to emit energy at a higher radiance than 
those below it. 

3.3.5 Reflection Properties 

The objective and relay lenses in this analysis, as well as the 
germanium beam- combiner, were considered to have anti reflection coatings 
allowing 100 percent of the incident light to be transmitted. The ger- 
manium beam-splitters were considered to have an anti reflection coating 
on their back surfaces, resulting in zero internal reflection. 
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In addition to the baseline design, several alternate designs «? 
investigated for comparison. One case investigated the use of a 211 . 
selenide beam-combiner with germanium beam-splitters, and another case 
investigated a germanium beam- combiner (100 percent transmitting) with 
zinc selenide beam-splitters. All zinc selenide elements were considered 
to have no anti reflection coatings result' ng i* multiple internal 
reflections. 


Reflection and transmission for the germanium beam-splitters were 
calculated from the expressions given in Section 1.5.3 of Reference b using 
4.0 as the index of refraction. The condition of multiple internal 
reflection must be taken into account in calculating the reflection and 
transmission for the zinc selenide elements. It can be shown that the 
fraction of the incident energy reflected from a transparent plate of 
parallel surfaces, after an infinite number of internal reflections, is 
2R/(1+R), where R is the reflectivity coef.icient at the interface between 
the material and air. For the zirc selenide elements, . le reflected and 
transmitted components of the incident energy were computed as follows: 


R, » ■ 2y (1+R »> 

r; = 2R i /(l+R x ) 


Reflection 


t ; - i - r ;, 


t; = i-r; 


Transmission 


where the primed letters represent the parallel and perpendicular com- 
ponents of the reflected and transmitted portions of the incident energy 
for multiple internal reflection. The parallel and perpendicular reflec- 
tivities, R (l and R ± , were computed using 2.43 as the index of refraction 
for zinc selenide. 
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3.3.6 Cases Considered 


This analysis considered five different cases which are identified as 
follows: 

Case 1. The optical configuration In Figure 3-6 contains all 

germanium elements. The beam-combiner and beam-splitters 
are tilted as indicated in the figure, which represents 
the actual brassboard design. The two object plane 
radiance levels are in the ratio of two to one. 

Case 2. This is the same as Case 1, except the two object 
plane intensities are in ratio of six to one. 

Case 3. This is the same as Case 1, except beam-splitter 
numbers 1 and 2 are tilted 25 and -30 degrees, 
respectively. 

Case 4. This is the same as Case 1, except beam-splitter 
numbers 1 and 2 are zinc selenide and are tilted 
30 to -30 degrees, respectively. 

Case 5. This is the same as Case 1, except the beam-combiner 
is uncoated zinc selenide. 

The results of the ray- trace analysis of Cases 1 through 5 are tabulated 
in Tables 3-8 through 3-12, respectively. 

3.3.7 Observations 


From Tables 3-8 through 3-12, it can be seen that the energies on 
detector numbers 1, 2, and 3 are 36 percent, 23 percent, and 41 percent, 
respectively, for the germanium beam-splitters, and 30 percent, tO percent, 
and 50 percent, respectively, for the zinc selenide beam-splitters. Table 
3-12 indicates that the use of a zinc selenide beam-combiner without an 
anti reflection coating results in a reflection loss of about 30 percent of 
the energy entering the system. 

The change in the distribution of the energy on the three detectors 
due to the 2 percent polarization of the object scene was calculated from 

4 

the uaca tables to be less than 10 parts in 10 for the baseline design 
case, and somewhat greater for the otSer cases. Detector No. 3 appears to 
be the most sensitive to po’ • . ration of the object scene. 
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Table 3-8. Case 1 . Tabulation of the Fraction of Total Collected Energy Reaching the Three Detectors 

for Various Conditions of Polarization and Radiance Distribution of the Object 
Plane. The Radiance Ratio Is Two to One. The Optical System Is that Given In 
Figure 3-6 for Germanium Beam-Splitters at Angles of 20 and -25 Degrees. 
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Table 3-11. Case 4 . Tabulation of the Fraction of the Total Energy Reaching the Three Detectors for 

Various Conditions of Polarization and Radiance Partitioning of the Object Plane. 
The Radiance Ratio Is Two to One. The Optical System Is that Given In Figure 3-6 
for Zinc Selenlde Beam-Splitters at Angles of 30 and -30 Degrees. 



3-32 



Table 3-12. Case 5 . Tabulation of the Fraction of the Total Energy Reaching the Three Detectors for 

Various Conditions of Polarization and Radiance Partitioning of the Object Plane. 
The Radiance Ratio Is Two to One. The Optical System Is that Given In Figure 3-6 
for Germanium Beam-Splitters at Angles of 20 and -25 Degrees. The Beam-Combiner 
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The change In the distribution of the energy on the three detectors 

due to dividing the object scene Into two different Intensities was calcu- 

5 

lated from the data tables to be less than 6 parts In 10 for the base- 
line case even in the presence of a 6:1 ratio of object plane radiance 
levels. The results of these calculations for the baseline design, which 
were selected for brassboard Implementation, are shown graphically in 
Figures 3-9 and 3-10. Figure 3-11 shows the balance accuracy required to 
achieve 1 NEN accuracy In the AV and AV' output signals. It Is concluded 
that no anticipated scene radiance variations will produce a AV offset as 
large as 1 NEN. However, 1 percent polarization of the scene energy could 
produce errors In the range of 1 to 5 NENs. 
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Figure 3-9. Change In Relative Fraction of Total Energy Falling on Each 
Detector, as a Function of the Percent of the FOV Filled 
with Higher (6:1) Radiance Scene. 



30 40 SO 80 100% 


Figure 3 - 10 . Change In Relative Energy on Each Detector as a Function of 
Polarization and the Percent of the FOV Filled with Higher 
(6:1) Radiance Level. 
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Figure 3-11. Balance Accuracy for 1-NEN AV Offset 
versus Scene Temperature 

3.4 AGC LOOP ANALYSIS 

The performance of the MAPS Instrument requires that the two detectors 
and their preamps be kept closely matched in gain. This is accomplished by 
an automatic gain control (AGC) loop which regulates the gain of the gas 
branch detector preamp. The control signal for preamp gain regulation is 
formed by optically combining a radiometric reference signal with the 
chopped scene energy. The reference signal is derived from blackbody 
sources in the instrument chopped at a higher frequency than the scene 
energy modulation. The AGC loop acts to null the differential detector 
signal obtained by demodulating at the i-eference chopping frequency. Since 
the reference energy spectral content is equivalent to a nonpol luted 
scene spectrum, the detector gains are balanced when the reference signal 
is nulled. 
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This section presents an analysis of the AGC loop performance. Includ- 
ing the following: 

• Effects of detector and preamp noise 

• Parametric effects of varying the AGC loop time constant 

• Effects of detector/preamp gain drift 

• Effects of chopper motor hunting 

• Effects of chopper disc hole position errors. 

3.4.1 Analysis of the HAPS AGC Loop 

The basic characteristics of the MAPS AGC loop were determined pri- 
marily by analytical means. Figure 3-12 illustrates the block diagram 
utilized In the analysis. This differs from the actual instrument In that 
the chopped reference and signal optical Inputs, as well as the synchronous 
demodulator phase references, are represented by slnewaves, higher harmonics 
being Ignored. Since the demodulator reference signals are Ideally unit 
squarewaves, an appropriate : djustment in the amplitude of their fundamental 
frequencies Is made by multiplying by 4/ir. The dependent variables of prime 
Interest in Figure 3-12 are the output signal x $ (t), and the AGC loop feed- 
back signal x(t). It is the latter, of course, that compensates for gain 
unbalances between the gas cell and vacuum cell loops. Quantitative param- 
eter values for analyzing the effectiveness of the AGC loop design are 
considered in Table 3-13. 

3.4. 1.1 The System Differential Equation and Its Characteristic Solution 

Focussing upon the integrator of Figure 3-12, it is evident that 

T x + x a Ty 


where 


y ~ ~ sin u)t 


and since K^x « 1 

z » [A^slnwt + A s s1nw s t] [K^(l-K^) - Kg] + n- - n 2 (3-4) 
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Table 3-13. MAPS Parameter Values 
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er Hole Edge Tolerance 




Putting these results together yields the system differential 
+ X( Cg -C-jCOS 2 ut + C 3 cos &|t - C 3 cosfl 2 t) * 7 sin ( n i 
2(K. - KJ 

+ ^ — — (A 1 - A 1 cos 2 wt + A $ cos Ojt - A $ cos fl 2 t) 

where 

* w - w 
0 2 ~ to ^ Wj 

C, = 2K 1 K f A 1 /ir (3-6) 

C 2 = C ] + 1/T 
C 3 = 2K lKf A s/l T 

The homogenous solution In Equation (3-5) Is obtained by setting Its 
right hand side equal to zero and then separating variables. The result 
for unity response at t = 0 is 


equation: 


(3-5) 


c c c 

x(t) = exp (-C 2 t + ^ sin 2 wt - ^ sin &jt + ^ sin £ 2 t) (3-7) 


Equation (3-7) represents the system's Impulse response, and Is thus 
indicative of its basic nature. However, upon utilizing the NH 3 baseline 
values of Table 3-13, it turns out that 


x(t) = exp (-0.04t + 0.00008 sin 2 wt - 0.0024 sin fijt + 0.0006 sin fi 2 t) 

(3-8) 

Thus for realistic parameter values, the MAPS AGC circuit can be assumed 
to behave as a network whose Laplace Transfer function Is 1/(3 + C 2 ). 
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3. 4. 1.2 Effect of Detector Gain Imbalance 


3. 4. 1.2.1 Detector Gains Fixed In this case a particular solution of 
Equation (3-4) for T ve»y large Is 


x 


."i-h 

'~¥T 


(3-9) 


This results in the desirable characteristic that the circuit gain error 
vanishes, i.e. , 


AK = K 1 (1 - K f x) - K 2 = 0 


(3-10) 


3. 4. 1.2. 2 Thermal Variation of Detector Gain. Suppose now that 


k 2 = 1 

K. = 1 - bt 


Than the particular solution of Equation (3-4) is 


(3-11) 


2A.b / -C,tv 

x(t) = — 1C, t - 1 + e ) 

* C 1 ' 1 / 


(3-12) 


As t becomes very large, the system gain Imbalance approaches a constant 
value, i.e. , 


AK(t) -*■ b/C, (3-13) 

For the NH 3 parameters of Table 3-13, this gain imbalance approaches 0.008 
percent. 

3. 4. 1.3 Effects of Detector Noise 

31.4.1. 3.1 Detector- Preamp Noise Model . The pyro-detector used for the 
NH 3 channel generates correlated noise which can typically be represented 
as the output of a filtered white noise Drocess of time constant below 1 
second. In the MAPS application, however, the detector output is shaped 
by a preamplifier in order to emphasize its higher frequencies and reduce 
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Its low frequency response. This results in a representation of the 
detector-prea^> noise power spectral density as fairly constant fro* about 
1*200 Hz. Since this frequency range Includes both the reference and 
slmal frequencies, the noise process cm be considered white, and of 
dr >lty 0.63 m/A iz. This results In the NHj Table 3-13 value of 
r.fced. 

The PbSe CC detector-preaup noise characteristic Is slightly wore 
conpllcated, peaking at 3 Hz and then falling off as 1/f up to the preanp 
roll off at 3 kHz. This Is not representative of a linear noise model, 
and will be taken as white In nature to facilitate analysis and to con- 
servatively bound the noise effects. The power spectral density will be 
conputed taking Its value at the signal frequency, namely 0.37 mv/vflz. 

3.4. 1.3.2 6ajn Balance Variation with Noise. Noting the conclusion of 
Section 3.4.1. 1, and assuming the equality of Kj and K^, It follows that 
for T large 

x * C.x * ~ sin ut ■ n(t) (3-14) 

1 V 

where 

n(t) - n-j(t) - n 2 (t) (3-15) 

Is coqmsed of two uncorrelated noise effects. It follows that a particular 
solution of Equation (3-14) Is given by 

m — C.t ^ G|S 

x(t) * ^ e / e 1 sin <*> s n(s) ds (3-16) 

«09 

Forming x(t) * x(t-x) and taking expectations. It follows that 

. 2 -C.t(t-T) V C.o 

E [x(t) x(t-t)] ■ (£) e 1 J e ' sin m o F(t,o) d o (3-17) 

-CO 
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where 


f c l s 

F(t,o) ■ / e 1 sin cos E [n(s)n(o)] ds 


(3-18) 


Notice the discussion of Section 3.4.1. 3.1, and realizing that two noise 
sources are Involved, 


E [n(s) n(o)] * 2 o ^ 2 6 (s - a) (3-19) 

where 6 Is the unity inpulse function. 

Substituting Equation (3-19) Into (3-18), and the result Into Equation 
(3-17), the autocorrelation function of x results. 


80 / -C. |t| 

E [x(t) x (t -t)] * -k — e 1 

A 1 


(3-20) 


Setting t * 0 and Multiplying by yields the gain balance variance 

(3-21) 


2 r 2 
2 8 a d K f 


AK 


tt 2 C, 


Now aaklng use of the relation between and Cj in Equation (3-6), it 
follows that 


v 2 * 2 c i < 3 -«> 

where, as seen before, is the bandwidth of the AGO loop in rad/sec. 
Quantitative values of based upon Table 3-13 will be considered In 
Section 3.4.2. 
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3.4.1. 2.3 Effect of Detector Noise on Signal Output. Noting Figure 3-12 
and Equation (3-4) (for Kj * Kg, n * n^-n^)* It Is evident that since 

q(t) - (J sin *^t) z(t) « q| (t) ♦ qg (t) (3-23) 


Mhere 


q 1 (t)« - - (1 - cos 2 « $ t) x(t) (3-24) 

4g(t) « (J sin M^t) n(t) (3-25) 

Thus for a « 1/Tg* It follows that 

t 

x^t) * Kj a e at / e 85 [q^s) ♦ q 2 (s)] ds (3-26) 

«CO 

p 

Foraring x $ (t) and taking expected values leads to the need for obtaining 
E [x(t) x(s)] , E [x(t) x(s)], and E [x(t) n(s)]. The last of these can 
be shorn to be negligible, and the first two can be obtained, respectively, 
from Equations (3-20) and (3-19). By using previously described techniques, . 
It follons, after some computation, that 

2 ®< s 2 °d 2 A s 2 

a * x [l + (t-) 3 (3*27) 

, 2 T d 

The signal level, A s , Is related to the differential radiance level between 
the scene at temperature T s degree Kelvin and a 290K MAPS internal black- 
body. It follows that 


A s - f (T s - 290°) (3-28) 

where f depends upon the detector and the system optical parameters, 
will be considered as a function of T $ in Section 3.4.2 for both the CO and 
the Wig channels. 
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3.4.2 Results 

Using the parameter values of Table 3*13 In conjunction with Equation 
(3-21), Figure 3-13 Illustrates how varies with the AfiC loop tine con- 
stant for both the CO and NH 3 channels. Figure 3-13 also Indicates the 
anticipated lag error Introduced by thernal variation of the detector. 

This error follows fron Equation (3-13), and shows the danger of selecting 
too large a value for the AGC loop tine constant. A selection of 25 sec- 
onds yields good performance on both error counts. 

Figure 3-14 plots the rns output noise as a function of the scene 
temperature, using Equations (3-27) and (3-28) (quantified) as Its source. 
Best performance Is obtained when the scene Is at 290K, with a significant 
degradation apparent over very hot land Basses. 

The effects of the motor hunting and hole spacing variations noted In 
Table 3-13 were Investigated via computer simulation. Both effects were 
shown to be negligible when simulations were performed using the assumed 
values of Table 3-13. Unfortunately the simulation represented an earlier 
version of the MAPS circuitry In which no preamplifier frequency compensa- 
tion was employed. Considerable program modification would be necessary 
to model the present wider noise bandwidth, much shorter step Intervals 
would be required, and longer running time would result. A qualitative 
comparison between the present and earlier versions Indicated no reason 
to expect that the employment of preamp frequency compensation should 
significantly increase sensitivity to the effects of hunting and hole 
position errors. Because the simulation Indicated that the effects were 
negligible for the earlier version, the additional cost of revising the 
simulation was not believed to be warranted. Experimental results presented 
In Section 4 confirm this expectation. 
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3.5 OPTICAL DESIGN OPTIMIZATION STUDY 

A design study was performed to examine potential reduction of 
optical distortions in the MAPS optics. Such distortions change the 
distribution of energy on the detector as a function of field angle. 
Since the detectors have zonal nonuniformities, this results in a 
variation of gain across the field. Differences between detectors, in 
the presence of such distortion, cause AV or aV offsets when non- 
uniform backgrounds are present in the instrument field of view. 

Reoptimization of the MAPS field lens resulted in reducing the 
rms ray deviations at the exit pupil to 74 percent of the original 
value. Reoptimization of all three of the MAPS lens systems (objective, 
relay, and field lenses) successfully reduced the rms ray deviations 
at the exit pupil by a factor of 0.55. 

3.5.1 Optimization Method 

A number of rays, uniformly spaced in the entrance pupil, were 
traced through the MAPS optics to the exit pupil (detector plane) for 
the on-axis condition (zero field angle) and for field angles of 1.125 
and 2.25 degrees. The deviations of the ray positions at the exit 
pupil between the on-axis condition and the two field angles were 
squared and summed to form a merit function. The optimization criteria 
was to reduce the merit function as much as possible by varying the 
curvatures of the various lens surfaces. The process was performed 
under the constraints that the focal lengths and distances between the 
nodal points of the objective, relay, and field lenses were held fixed 
at their original design values. This maintained the proper magnifica- 
tion ratio between the entrance and exit pupils. Sensitivity factors, 
formed by taking the ratio of the change in the merit function to the 
change in each individual curvature, were calculated at the start of 
each optimization iteration. The final set of new curvatures for that 
iteration was selected on the basis of proportional sensitivities, the 
curvature most sensitive to the merit function being changed the most, 
the curvature least sensitive to the merit function being changed the 
least. 
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3.5.2 Resul ts 

Figure 3-15 presents the variation of the merit function with 
iteration number for 16 consecutive iterations. The dotted line 
represents the results when only the field lens curvatures were varied. 
The solid line represents the results when all lens curvatures were 
varied. The merit function of the original design is 0.0116766. The 
minimum merit function obtained when varying just the field lens surfaces 
was 0.0063096 at iteration 9. The square root of this value with the 
merit function of the original design gives a factor of 0.74 improvement 
of the exit pupil deviations. The minimum merit function obtained when 
varying all the lens surfaces was 0.00356518 at Iteration 16. The square 
root of this value with the merit function of the original design gives 
a factor of 0.55 improvement of the exit pupil deviations. 

Tables 3-14 and 3-15 give the optical prescriptions for the field 
lens alone design and for the complete lens system design respectively. 
The individual ray deviations in a 10 X 10 square array at the exit pupil 
for the two field angles considered are tabulated in Section 3.5.3 for 
the original design, field lens alone design, and the complete lens 
system design. Section 3.5.4 presents the complete optimization output 
(16 iterations) for the variation of the field lens alone and for the 
variation of all the lens elements. 
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Only Field Lens Varied 
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Figure 3-15. Variation of the Merit Function With Successive Iteration for the 
Case Where All Lens Elements are Varied and for the Case Where Only 
the Field Lens Is Varied 



Table 3-14. Optical Parameters for the Original Field Lens Design and 
for the Optimized Field Lens Design. Dimensions In 
Millimeters. 


SURFACE 

NO. 

LENS 

DESCRIPTION 

ORIGIN! 

M DESIGN 

OPTIMIZED DESIGN 1 

RADIUS 

SEPARATION 

RADIUS 

SEPARATION 

7 

Field 

30.4546 


30.156 





2.5 


2.5 

8 

Field 

41.275 


45.468 





.075 


.075 

9 

Field 

13.970 


13.1257 





2.0 


2.0 

10 

Field 

14.5491 


12.836 





13.0 


12.8207 

11 

Window 

Flat 


Flat 





1.0 


1.0 

12 

Window 

Flat 


Flat 





2.16838 


2.17838 

13 

Ex. Pupil 

Flat 

■ 

Flat 

i 


Gaussian Exit Pupil Position: 2.23138 2.23138 
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Table 3-15. Optical Parameters for the Original Design and for 
the Optimized Design After Varying All Lenses. 
Dimensions In Millimeters. 


■rwHi 

LENS 

ORIGINAL DESIGN 

OPTIMIZED DESIGN 

DESCRIPTION 

RADIUS 

SEPARATION 


KMiliMIl 

i 

Objec^ve 

66.0908 

3.5 

44.719 

3.5 

2 

Objective 

98.298 

94.0 

55.3697 

93.3666 

3 

Relay 

- 34.8742 

2.5 

- 44.9209 

2.5 

4 

Relay 

- 31.1912 


- 40.7585 





1.23 


1.23 

5 

Relay 

-304.800 

3.0 

230.537 

3.0 

6 

Relay 

-120.4976 

181.2256 

-403.656 

180.9776 

7 

Field 

30.4546 

2.5 

29.6128 

2.5 

8 

Field 

41.275 

.075 

44.9614 

.075 

9 

1 

1 

Field 

13.970 

2.0 

12.7806 

2.0 

10 

Field 

14.5491 

; 

! 

13.0 

12.3279 

1 *". 

* 3 - 

r^ 

C J 

11 

W1 ndow 

Flat 

I 

1.0 

Flat 

1.0 

12 

i 

W1 ndow 

Flat 

! 

2.16838 

Flat 

1 

2.17935 

13 

Ex. Pupil 

Flat 

i 

Flat 


Gaussian Exit Pupil Position: 2.23138 



2.23735 
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3.5.3 Exit Pupil Deviations 
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EXIT PUPIL DEVIATIONS AFTER ALL LENS ELEMENTS WERE OPTIMIZED 

DEVIATIONS FROM ON- AX IS 



FUR 

FIELD 

ANGLES 

<DEG> s 

PHI* 0. 

0 THETA » 2.250 


0645 

. 0548 

. 0470 

. 0410 

. 0377 

. 0377 

. 0410 

. 0470 

. 0548 

. 0645 

0421 

. 0325 

. 024 0 

. 0171 

.0126 

. 0126 

. 0171 

. 0240 

. 0325 

. 0421 

0234 

. 0150 

. 0099 

. 0087 

. 0092 

. 0092 

. 0087 

. 0099 

. 0150 

. 0234 

0092 

. 0101 

. 0 1 62 

. 0212 

. 0239 

. 0239 

. 0212 

. 0162 

. 0101 

. 0092 

0040 

. 0147 

. 0229 

. 0284 

. 0312 

. 03 1 2 

. 0284 

. 0229 

. 0147 

. 0040 

0092 

. 0164 

. 0236 

. 0285 

. 0310 

. 03 1 U 

. 0285 

. 0236 

. 0164 

. 0092 

0158 

. 0154 

. 0 1 88 

. 0221 

. 0239 

. 0239 

. 0221 

. 0188 

. 0154 

. 0158 

0264 

. 0187 

. 0138 

. 0116 

.0110 

.0110 

. 0116 

. 0 1 38 

. 0187 

. 0264 

0413 

. 0315 

. 0223 

. 0143 

. 0085 

. 0085 

. 0 1 43 

. 0223 

. 0315 

. 0413 

0575 

. 0498 

. 0415 

. 0347 

. 0308 

. 0308 

. 0347 

. 0415 

. 0498 

. 0575 


DEVIATIONS FRDM ON- AX IS 



FDR 

FIELD 

ANGLES 

•:DEGJ> : 

PHI* 0. 

0 THETA » 1. 

125 


0279 

.0214 

. 0164 

. 0127 

. 0 1 05 

. 0 i 05 

. 0 127 

. 0 1 64 

. 0214 

. 0279 

0165 

. 0114 

. 0073 

. 0041 

. 0 0 1 3 

.0013 

. 0041 

. 0073 

.0114 

. 0165 

0086 

. 0063 

. 0063 

. 0071 

. 0077 

. 0077 

. 0 07 1 

. 0 063 

. 0063 

. 0086 

0041 

. 0066 

. 0094 

. 0114 

. 0123 

. 0123 

. 0114 

. 0094 

. 0066 

. 0041 

0031 

. 0077 

.0110 

. 0131 

. 0142 

. 0142 

. 0131 

.011 0 

. 0077 

. 0031 

0044 

. 0073 

. 0103 

. 0123 

. 0133 

. 0 1 33 

. 0123 

. 0103 

. 0073 

. 0044 

0080 

. 0065 

. 0075 

. 0089 

. 0097 

. 0097 

. 0089 

. 0075 

. 0065 

. 0080 

0149 

. 0 096 

. 0061 

. 0 042 

. 0035 

. 0035 

. 0042 

. 0061 

. 0096 

. 0149 

0252 

. 0184 

. 0130 

. 0089 

. 0064 

. 0064 

. 0089 

. 0130 

. 0184 

. 0252 

0391 

. 0315 

. 0256 

. 0214 

. 0191 

. 0191 

. 0214 

. 026* 

. 0315 

. 0391 
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EXIT PUPIL DEVIATIONS AFTER THE FIELD LENS ALONE WAS OPTIMIZED 

DEV I AT I DNS FROM DN-AXIS 



FOR 

FIELD 

ANGLES 

<DEG> * 

PHI- 0. 

0 THETA, 2.250 


0770 

. 0603 

. 0465 

. 0361 

.0302 

. 0302 

. 0361 

.0465 

. 0603 

. 0770 

0439 

. 0292 . 

. 0177 

. 0094 

. 0041 

. 0041 

. 0094 

.0177 

. 0292 

. 0439 

0199 

. 0139 

. 0174 

. 0225 

. 0254 

. 0254 

. 0225 

.0174 

. 0139 

. 0199 

0077 

. 0186 

. 0283 

. 0348 

. 0381 

. 03b! 

. 0348 

. 0283 

. 0186 

. 0077 

0108 

. 0230 

. 0324 

. 0387 

. 0418 

. 0418 

. 0387 

. 0324 

. 0230 

. 0108 

01b5 

. 0224 

. 0293 

. 0345 

. 0371 

. 0371 

. 0345 

. 0293 

. 0224 

.0165 

0260 

. 0211 

. 0214 

. 0233 

. 0247 

. 024? 

. 0233 

.0214 

. U211 

. 0260 

0426 

. 0301 

. 0200 

. 0120 

. 006 3 

. 0063 

. 0120 

. 0200 

. 0301 

. 0426 

0668 

. 0517 

. 0388 

. 0285 

. 0221 

. 0221 

. 0285 

. 0388 

. 0517 

. 0668 

0977 

. 0821 

. 0693 

. 0598 

. 0547 

. 054 7 

. 0598 

. 0693 

. 0821 

. 0977 


DEV I FIT I DNS FROM UN- AX IS 



FDR 

FIELD 

ANGLES 

<DEG) : 

PHI- 0. 

0 THETA, 1. 

125 


0363 

. 0286 

. 0223 

. 0176 

. 0150 

. 0 1 5 U 

. 0176 

. 0223 

. 0286 

. 0363 

0221 

. 0154 

. 0100 

. 0057 

. 0 023 

. 0023 

. 0057 

. 0100 

. 0154 

. 0221 

0117 

. 0074 

. 0061 

. 0068 

. 0075 

. UU75 

. 0068 

. 0061 

. 0074 

.0117 

0046 

. 0056 

. 0089 

. 0113 

. 0126 

. 0126 

. 0113 

. 0089 

. 0056 

. 0046 

0009 

. 0062 

.0102 

. 0128 

. 0141 

. 0141 

. 0128 

.0102 

. 0062 

. 0009 

0057 

. 0060 

. 0088 

. 0110 

. 0121 

. 0121 

.0110 

. 0088 

. 0060 

. 0057 

0124 

. 0081 

. 0064 

. 0065 

. 0069 

. 0069 

. 0065 

. 0064 

. 0081 

. 0124 

0221 

. 0155 

. 0103 

. 0059 

. 0026 

. 0026 

. 0059 

. 0103 

. 0155 

. 0221 

0353 

. 0277 

. 0215 

. 0170 

. 0144 

. 0144 

. 0170 

. 0215 

.0277 

. 0353 

0523 

. 0440 

. 0375 

. 0329 

. 0305 

. 0305 

. 0329 

. 0375 

. 0440 

. 0523 
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EXIT PUPIL DEVIATIONS FOR THE ORIGINAL DESIGN 
DEVIATIONS FROM ON-AXIS 



FOR 

R IELD 

angles 

<DE6> * 

PHI* •„ 

.0 THETA* 8.850 

. 0381 

. 0188 

. 0138 

. 0156 

. 0178 

. 0178 

. 0156 

. 0138 

. 0188 

. 0133 

.0178 

. 0867 

. 0333 

. 0367 

. 0367 

. 0333 

. 0867 

.0178 

. 0187 

. 0860 

. 0360 

. 0486 

. 0458 

. 0458 

. 0486 

. 0360 

. 0860 

. 0167 

. 0886 

. 0376 

. 0434 

. 0463 

. 0463 

. 0434 

. 0376 

. 0886 

. 0188 

.0855 

. 0383 

.0370 

. U394 

. 0394 

.0370 

. 0383 

.0855 

. 0844 

.0818 

. 0884 

. 0846 

. 08c 0 

. 0860 

. 0846 

. 0884 

. 0818 

. 0 38 U 

. 0871 

. 0180 

. 0113 

. 0078 

. 007d 

. 0113 

. 0180 

. 0871 

. 0688 

. 0474 

. 0358 

. 0856 

. 0198 

. 0198 

. 0856 

. 0358 

. 0474 

. 0830 

. 0778 

. 0647 

. 0557 

. 0510 

. 0510 

. 0557 

. 0647 

.0778 

. 1307 

. 1 144 

. 1 018 

. 0931 

. 0886 

. 0886 

. 0931 

.1018 

.1144 




DEVIATIONS FROM ON- 

AXIS 




FOR 

FIELD 

ANGLES 

< DEG > : 

PHI* 0 

.0 THETA* 1.185 

. 0861 

. 0180 

. 0133 

. 0 088 

. 0060 

. 0060 

. 0088 

. 0133 

. 0190 

.0145 

. 0 098 

. 0060 

. 0047 

. 0046 

. 004t- 

. 0047 

. 0060 

. 0098 

. 0067 

. 0 059 

. 0079 

. 0099 

. 0 1 09 

. 0 1 09 

. 0099 

. 00 79 

. 0059 

. 0084 

. 0068 

. 0105 

. 0188 

. 0140 

.014 0 

. 0188 

. 01 05 

. 0068 

. 0031 

. 0071 

.0106 

, 0189 

. 0140 

.014 0 

. 0189 

. 0 1 06 

. UO?l 

. 0070 

. 0065 

. 0083 

. 0101 

. 0110 

. 01 1 0 

. 0101 

. 0083 

. 0065 

. 0137 

. 0089 

. 0061 

. 0058 

. 0058 

. 0058 

. 0058 

. 0061 

. 0089 

. 0836 

. 0169 

. 0115 

. 0078 

. 0043 

. 0043 

. 0078 

. 0115 

. 0169 

. 037 3 

. 0894 

. 0833 

. 0139 

. 0165 

. 0165 

. 0189 

. 0833 

. 0894 

. 0551 

. 0464 

. 0397 

. 0351 

. 0388 

. 0388 

. 0351 

. 0397 

. 0464 

, ,K.\L r\c,EjS 

OP 1-uOll UUAUtti 
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. 1 
. 0133 
. 01c7 
. UU7 
.0188 
. 0844 
. 0380 
. 0688 
. 0830 
. 1307 


. 0861 
. 0145 
. 006 ? 
. 0U84 
. 0031 
. 0070 
. 0137 
. 0836 
. 0373 
. 0551 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING ALL LENS ELEMENTS 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

6 . b 09 07999E+ 0 1 1 . 51306990E-02 3. 5000000UE+00 

9.82979996E+01 1 . C1731470E-02 9.40000000E+01 

-3 . 4874 1 999E •►01 -2. 8674493 OE- 02 2.50000000E+00 

-3. 1 191 1997E+01 •'3.206 0325 OE- 02 1 . 2300OQO0E+00 

-3. 04800000E+02 -3. 28083990E-03 3. OOOOOOOOE+OO 

- 1.2 04976 COE+ 02 -8. 29892 049E- 03 1 . 812256 07E+ 02 

3.04546001E+01 3. 2835762 OE- 02 2.50000000E+00 

4. 12749996E+G1 2. 4227741 0E-02 7.50000000E-02 

1.39700001E+01 7.1581961 OE- 02 2. OOOOOOuOE+OO 

1 . 45491201E+01 6. 87326790E-02 1 . 30GQOOUOE+01 

FLAT 0. 1 . OOOUOOOOE+OO 

FLAT 0. 2. 16837699E+00 

FLAT 0. 0. 

EX. P. POSITION Arm SIZE® 2.231 37699E+ 00 2. 00135475E+00 

MERIT FUNCTION® 1 . 16766273E-02 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

6. 61 0131S7E+01 1.512P2912E-02 3. 50000000E+00 

9.832288 00E+ 01 1 . 01705727E-02 9. 39650128E+01 

-3.47521780E+01 -2. 87751749E-02 2.50000000E+00 

-3. 12760397E+01 -3. 19733576E-02 1 .2300000GE+00 

-3. 069 16781 E+ 02 -3. 25821 22 OE- 03 3. OOOOOOUOE+OO 

-1. 18351327E+02 -8. 4494 1941 E- 03 1 . 81304819E+02 

3.03737691E+01 3. 29231448E-02 2.5000000UE+00 

4.27757327E+01 2. 3377741 OE- 02 7. 500000 O0E-02 

1 . 39657992E+ 0 1 7. 16034926E-02 2. OOOOOOOOE+OO 

1 . 42953564E+ 0 1 6. 99527856E-02 1 . 29728354E+01 

FLAT 0. 1 . OOOOOOOOE+OO 

FLAT 0. 2. 18737505E+00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE® 2. 23137505E+00 2. 001 35409E+00 

MER I T FUNCT I ON® 8 . 1 3884 0 f 3E- 03 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

6. 31781723E+01 1 . 582825 15E- 02 3. 5000UUO0E+00 

9. 15719559E+01 1 . 09203739E-02 9. 38637516E+01 

-3.54186982E+01 -2.82336746E-02 2. 50000000E+00 

-3.21302095E+01 -3. 1 1233576E-02 1 . 2300 000 OE+OO 

-3.98591377E+02 -2. 5 08835 OOE- 03 3. OOOOOOOOE+OO 

- 1 . 23823035E+02 -8. 07604175E-03 1 . 81301589E+02 

3. 04836 039E+ 01 3. 28045202E-02 2. 50000000E+00 

4 . 25585792E+ 0 1 2. 3497 025 OE- 02 7. 5000UUOOE-02 

1 . 38151968E+01 7. 23840577E-02 2. OOOOOUOOE+OO 

1 . 41594712E+01 7. 06241 063E-02 1 . 29648476E+01 

FLAT 0. 1 . OOOOOOOOE+00 

FLAT 0. 2. 1 98942 14E+ 00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE® 2.23194214E+00 2. 00154599E+0U 

MERIT FUNCTION® 9. 5507777 OE- 03 


Gi 


rt /r‘ V 



3-57 



OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING ALL LENS ELEMENTS 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

6. 02974774E+01 1 . 658444 17E- 02 3.50000000E+00 

8.52249999E+01 1 . 17336462E-02 9. 37799021E+01 

-3 . 62535 059E+ 0 1 -2. 7583539 IE- 02 2. 50000000E+00 

-3.3 Q323453E+ 0 1 -3. 02733576E-02 1 .230000 OOE+ 00 

-5 . 83997 1 89E+ 02 -1.71233701E 3 3. OOOOOUUOE+OO 

-1.32288588E+02 -7. 559231 04E-03 1 . 81319592E+02 

2. 99900076E+01 3. 33444397E-02 2. 50000000E+00 

4 . 24283 1 82E+ 0 1 2. 35691642E-02 7. 50000000E-02 

1. 36734 037E+ 01 7. 31346797E-02 2. OOOOOOOOE+OO 

1 . 38435935E+ 01 7 . 22355796E- 02 1.291981 68E+ 0 1 

FLAT 0. 1. OOOOOOOOE+OO 

FLAT 0. 2. 19855736E+00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE* 2. 23255736E+00 2. 0017541SE+00 

MERIT FUNCTION* 7. 52351406E-03 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

5. 75498985E+01 1 . 73762253E-02 3. SOOOOoOOE+OO 

7 . 94355359E+ 0 1 1 . 25888242E-02 9. 37 07543 0E+ 01 

-3. 72246577E+01 -2. 68639 139E- 02 2. 50000000E+00 

-3 . 39866 039E+ 0 1 -2. 94233576E-02 1 . 23000000E+00 

-1. 12904284E+03 -8. 85705984E-04 3. OOOOOOOOE+OO 

-1 . 43908023E+02 -6. 94888289E-03 1 . 81274O6GE+02 

2. 98854573E+01 3. 3461 0908E-02 2. 50000000E+00 

4. 16593644E+01 2. 40042069E-02 7. 500000U0E-02 

1 . 35230387E+01 7. 39478768E-02 2. OOOOUUOOE+OO 

1 . 37213547E+01 7.28791 013E-02 1 . 29061600E+01 

FLAT 0. 1. OOOOOOOOE+OO 

FLAT 0. 2. 20420442E+00 

FLAT 0. 0. 

EX. F. POSITION AND SIZE* 2. 23320442E+00 2. 00197315E+00 

MERIT FUNCTION* 9. 59841402E-03 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

5 . 49995 1 26E+ 0 1 1 . 81819793E-02 3. 50000000E+00 

7.427807 06E+ 0 1 1 . 34629237E-02 9. 3639 025 0E+ 01 

-3 . 828 06253E+ 0 1 -2. 61228752E-02 2.50000000E+00 

-3. 4997837 1E+ 01 -2. 85733576E-02 1 . 23000000E+00 

-2. 22968763E+04 -4. 48493317E-05 3. OOOOOOOOE+OO 

- 1 . 5868 0226E+ 02 -6. 30198244E-03 1 . 812671b6E+02 

2 . 936 02265E+ 0 1 3. 40596828E-02 2. 5 00 0000 0E+ 00 

4. 13232366E+01 2. 41994597E-02 7. 50000000E-02 

1 . 33825587E+ 0 1 7. 47241258E-02 2. OOOOOOOOE+OO 

1 . 34299269E+ 01 7 . 446 05692E- 02 1 . 286 05 04 1 E+ 0 1 

FLAT 0. 1. OOOOOOOOE+OO 

FLAT 0. 2. 19986594E+00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE* 2. 23386594E+00 2. 00219701E+00 

MERIT FUNCTION* 7. 693171 01E-03 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING ALL LENS ELEMENTS 


RADIUS 

CURVATURE 

SPACING 

FLAT 

0. 

0. 

5 . 26369796E+ 0 1 

1.8998 05 05E- 02 

3. 50000000E+00 

6. 96758152E+01 

1 . 43521823E-02 

9. 35788491E+01 

-3. 9446837 0E+ 01 

-2. 53505750E-02 

2.50000U00E+00 

-3.60557486E+01 

-2. 77348284E-02 

1 . 23 0 0 0 U 0 0E+ 0 0 

1.24200356E+03 

8. 05150668E-04 

3. 0 0 0 0 U 0 0 0E+ 0 0 

-1. 7846885 1E+ 02 

-5 . 6 032 1 869E- 03 

1.812061 34E+ 02 

2. 92507609E+01 

3. 41871449E-02 

2.500UUUU0E+00 

4. 06283 169E+ 01 

2. 461 3375 0E- 02 

7.50 U 0 0 U 0 OE- 02 

1.32366848E+01 

7. 554761 74E-02 

2. 0000OO00E+00 

1 . 33 04242 1E+ 01 

7.51 639958E- 02 

1 . 28454894E+ 0 1 

FLAT 

0. 

1 . OOOOOOOOE+OO 

FLAT 

0. 

2.20353908E+00 

FLAT 

0. 

0. 

EX. P. POSITION AND SIZE® 2. 23453908E+00 2. 00242480E+00 

MERIT FUNCTION® 9. 94729 072E- 03 

RADIUS 

CURVATURE 

SPACING 

FLAT 

0. 

0. 

5. 0472463 0E+ 01 

1 . 98 1 27839E - f 

3 . 5 0 0 0 0 0 0 0E+ 0 0 

6 . 55996 1 47E+ 0 1 

1. 524 3992 OE- 02 

9. 3523352 0E+ 01 

-4. 06940353E+01 

-2. 45736259E-02 

2.50000000E+00 

-3.71 587568E+ 0 1 

-2.6911 5569E- 02 

1.23000000E+00 

6. 04174604E+02 

1 . 65515067E-03 

3. OOOOOOOOE+OO 

-2. 0487773QE+02 

-4. 88095998E-03 

1.81 183851E+02 

2 . 87798539E+ 0 1 

3. 4746528 OE- 02 

2 . 5 0 0 0 0 0 0 0E+ 0 0 

4. 04242494E+ 0 1 

2. 47376269E-02 

7 . 5 0 0 0 0 0 0 OE- 02 

1 . 31 019312E+01 

7 . 63246258E-02 

2. OOOOOOOOE+OO 

1.30217 448E+ 0 1 

7.67946245E-02 

1 .28002186E+01 

FLAT 

0. 

1. 0 0 0 0 0 U 0 0E+ 0 0 

FLAT 

0. 

2. 19721432E+00 

FLAT 

0. 

0. 

EX. P. POSITION AND SIZE® 2. 23521432E+00 2. 0026533 0E+ GO 

MERIT FUNCTION® 7. 7578626 IE- 03 

RADIUS 

CURVATURE 

SPACING 

FLAT 

0. 

0. 

4. 84780832E+01 

2. 06278783E— 02 

3 . 5 0 0 0 0 0 0 0E+ 0 0 

6. 19569757E+01 

1.614 02326E-02 

9. 34766742E+01 

-4 . 2 0597544E+ 0 1 

-2. 37756975E-02 

2 . 5 0 0 0 0 0 0 0E+ 0 0 

-3. 83 02243 1E+ 01 

-2.61 081315E-02 

1 . 23 0 0 0 0 0 0E+ 0 0 

3.991 77587E+ 02 

2. 50515067E-03 

3. 0 0 0 0 0 0 0 0 E + 0 0 

-2. 429601 02E+ 02 

-4.11 59 02 1 3E- 03 

1.81 09542 1 E+ 02 

2. 8835444 1E+ 01 

3. 4679542 IE- 02 

2. 50000000E+00 

3.9832 02 04E+ 0 1 

2. 51 0543 OOE- 02 

7 . 5 0 0 0 0 0 0 OE- 02 

1 . 2962 1 8 04E+ 0 1 

7. 71475145E-02 

2. 0 0 0 0 0 0 0 0E+ 0 0 

1 . 2939173 0E+01 

7. 728469 19E- 02 

1.27948078E+01 

FLAT 

0. 

1. OOOOOOOOE+OO 

FLAT 

0. 

2 . 2 02893 06E+ 0 0 

FLAT 

0 . 

0. 

EX. P. POSITION AND SIZE® 2. 23589306E+00 2. 00288299E+0U 

MERIT FUNCTION® 1 . 13623 097E- 02 • 

ft *31/- 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING ALL LENS ELEMENTS 


RADIUS 

FLAT 

4 . 664 1 7284E+ 0 1 
5.86948214E+01 
-4.35212372E+01 
-3.94887900E+01 
2 . 98 0492 08E+ 02 
-3. 00591 122E+02 
2. 83 03587 0E+ 01 
4. 01 160330E+01 
1.28380213E+01 
1. 25928 175E+ 01 
FLAT 
FLAT 
FLAT 

EX. P. POSITION 
MERIT FUNCTION* 


0 . 


CURVATURE 


0 . 


SPACING 


2. 14400288E-02 
1 . 70372782E-02 
-2. 2977288 OE- 02 
-2 . 53236425E- 02 
3.35515 067E- 03 
-3. 32677823E-03 
3. 533121 09E-02 
2.49276892E-02 
7. 7893624 OE- 02 
7. 941 0346 7E— 02 
0 . 

0. 

0. 

AND SIZE* 2. 23657256E+0Q 
6 . 52 093653E- 03 


3.500000002+00 
9. 3434841 0E+01 
2.50000000E+00 
1 . 23000000E+00 
3. OOOOOOOOE+OO 
1 . 81 077682E+02 
2.500000UOE+00 
7.50000000E— 02 
2. OOOOOOOOE+OO 
1 . 2737 4686E+ 0 1 
1. OOOOOOOOE+OO 
2. 18957256E+00 
0 . 

2. 0031 1293E+00 


RADIUS 

FLAT 

4.51 199417E+01 
5.60556814E+01 
-4 . 49588 059E+ 0 1 
-4. 05717096E+01 
2. 4326581 1E+ 02 
-3.8801 0699E+ 02 
2. 90013017E+01 
3.941 6558 1 E+ 0 1 
1 . 27139593E+01 
1 . 27220058E+01 
FLAT 
FLAT 
FLAT 

EX. P. POSITION 
MERIT FUNCTION* 


0. 


CURVATURE 


0. 


SPACING 


2.21631 492E- 02 
1.78394 05 OE- 02 
-2 . 22425836E- 02 
-2.46477166E-02 
4.11 072973E— 03 
-2 . 57724852E-03 
3. 448121 09E-02 
2 . 537 0 0487E- 02 
7 . 86537 047E- 02 
7.86 039575E- 02 
0. 

0. 

0. 

AND SIZE* 2.23718030E+00 
1 . 64383722E-02 


3. 50000000E+00 
9. 34075635E+01 
2.50000O0OE+00 
1.23000O00E+00 
3. OOOOOOOOE+OO 
1 . 80918841E+02 
2. 50000000E+00 
7. 50000000E-02 
2. OOOOOOOOE+OO 
1 . 27786282E+01 
1. OOOOOOOOE+OO 
2. 1 991803 OE+OO 
0. 

2. 00331859E+00 


RADIUS 

FLAT 

4. 66536127E+01 
5. 87156576E+01 
-4.351 78222E+ 0 1 
-3 . 94364754E+ 0 1 
2.9701 3692E+ 02 
-3. 0458289 1E+ 02 
2. 91280142E+01 
4. 04146662E+01 
1 . 28359081E+01 
1 . 2 782 0489E+ 0 1 
FLAT 
FLAT 
FLAT 

EX. P. POSITION 


CURVATURE 

0. 

2. 1 4345673E- 02 
1 . 70312322E-02 
-2. 2979091 IE- 02 
-2. 53572357E-02 
3 . 366848 1 5E- 03 
-3. 28317851E-03 
3. 433121 09E-02 
2 . 47434927E- 02 
7.79 064473E- 02 
7- 82347 189E- 02 
0. 

0. 

0. 


SPACING 

0. 

3. 50000000E+00 
9. 34423237E+01 
2.5000UOO0E+00 
1 . 23000000E+00 
3. OOOOOOOOE+OO 
1 . 80998877E+02 
2. 50000000E+00 
7.50000000E-02 
2. OOOOOOOOE+OO 
1. 2787722 0E+ 01 
1. OQOOOUOOE+OO 
2. 21256798E+00 


MERIT FUNCTION* 


0 . 

AND SIZE* 2 . 23656798E+ 0 0 2. 00311138E+00 

1 . 25317173E-02 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING ALL LENS ELEMENTS 


RADIUS CURVATURE 

FLAT 0. 

4 . 66493825E+ 01 2 . 1 4365 1 1 OE- 02 

5 . 8? 0824 06E+ 01 1.7 0333839E- 02 

-4. 34807475E+01 -2. 29986847E-02 
-3.93943266E+01 -2. 53843659E-02 
2.947 07836E+ 02 3.393191 08E- 03 

-3 . 079587 09E+ 02 -3.2471 8857E- 03 
£.91 544227E+ 0 1 3. 43001 133E-02 


2. 37434927E-02 
7.78 0989 1 £E- 02 
7 . 936 03454E- 02 
0. 

0. 

0. 

EX. P. POSITION AND SIZE* 2. 23656961E+00 
MERIT FUNCTION= 6. 22462245E-03 


4.21 168028E+01 
l . 285 1 8365E+ 0 1 
1.26007516E+01 
FLAT 
FLAT 
FLAT 


SPACING 

0 . 

3. 50000000E+00 
9.34445844E+01 
2. 50000000E+00 
1.23000UU0E+00 
3. OOOOOOOOE+OO 
1.81 028373E+02 
2. 5000000 OE +00 
7. 5000000 OE- 02 
2. OOOOOOOOE+OO 
1.2766 04 02E+ 01 
1 . OOOOOOOOE+OO 
2. 2 085696 1E+ 00 
0 . 

2. 00311 194E+00 


RADIUS 

FLAT 

4. 61287778E+01 
5.77988502E+01 
-4. 39318314E+01 
-3. 97414129E+01 
2. 7365791 1E+ 02 


CURVATURE 

0. 

2. 1 67844 13E- 02 
1.7301 3822E- 02 
-2 . 27625384E- 02 
-2.51 626685E- 02 
3. 654 1973 IE- 03 


-3 . 34 1 36389E+ 02 -£ . 99278987E- 03 
3. 00299279E+01 3.33001 133E-02 


2.37418064E-02 
7 . 8 047 0233E- 02 
?. 82446 038E- 02 
0. 

0. 

0. 

EX. P. POSITION AND SIZE* 2. 23677265E+0H 
MERIT FUNCTION* 1 . 38270419E-02 


4.211 97942E+ 0 1 
1.281 27885E+ 0 1 
1 . 27804341E+01 
FLAT 
FLAT 
FLAT 


SPACING 

0. 

3.500 0 0 0 U 0E+ 0 0 
9. 343467? 0E+ 01 
2.50000U 0 0E+ 0 0 
1 . 23 0 0 0 0 0 0E+ 0 0 
3. OOOOOOOOE+OO 
1 . 80925047E+02 
2. 500 0000 0E+ 00 
7 . 5 0 0 0 0 0 0 OE- 02 
2. OOOOOOOOE+OO 
1.28158415E+01 
1 . 0000 0 0 0 0E+ 0 0 
£ • £3 077 265E+ 0 0 
0. 

2. 00318064E+00 


RADIUS 

FLAT 

4. 59342408E+01 
5. 74607624E+01 
-4 . 39859247E+ 0 1 
-3 . 9856 1 224E+ 0 1 
2. 6648266 0E+ 02 
-3 . 4 0 078 1 63E+ 02 


CURVATURE 

0. 

2. 177 0252 IE- 02 
1.740318 02E- 02 
-2.27345454E-02 
-2. 5 09 0248 IE- 02 
3. 75258937E-03 
-2 . 94 05 0 047E- 03 


SPACING 

0. 

3. 5000000 OE+OO 
9.341 95738E+ 0 1 
£.50 0 0 0 0 0 0E+ 0 0 
1.2300U00UE+00 
3. 0000 OOU OE+OO 
1 .8U996789E+02 


2. 96128279E+01 
4. 39718808E+01 
1 . 28285 034E+01 
1. £486697 1E+ 01 
FLAT 
FLAT 
FLAT 

EX. P. POSITION 
MERIT FUNCTION* 


2.5000 0 0 0 UE+ 0 0 
7. 5000000 UE- 02 
2. OOOOOUOOE+OO 
1 . £7665 1 28E+ 0 1 
1. OOOOOOOOE+OO 
2. 20484978E+00 
0. 

AND SIZE* £ . 23684978E + U 0 2. 00320674E+0O 
4. 3649442 OE- 03 


3. 3769 149 IE- 02 
2.27418064E-02 
7 . 795 141 53E- 02 
8. 0 0852293E- 02 

0 . 

0. 

0 . 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING ALL LENS ELEMENTS 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

4.55967776E+01 2. 19313744E-02 3. 50000000E+00 

5. 6876496 1E+ 01 1 . 75819551E-02 9. 34139195E+01 

-4. 4299501 0E+ 01 -2. 25736177E-02 2. 50000000E+00 

-4. 00887036E+01 -2. 49446829E-02 1 . £30000 OOE+OO 

£ . 549446 0 1 E+ 02 3. 92242077E-03 3. OOOOOOOOE+OO 

-3.61 0862 1 7E+ 02 -2 . 76942 1 69E- 03 1.8 0897336E+ 02 

3. 05165080E+01 3. 27691491E-02 2. SOOOOUOOE+OO 

4. 37669933E+01 2. 28482682E-02 7. 50000000E-02 

1. 2799593 1E+ 01 7. 81274833E-02 2. OOOOOOOOE+OO 

1. 2698245 1E+ 01 7. 8751 0394E-02 1 . 28204039E+01 

FLAT 0. 1. OOOOUUOOE+OO 

FLAT 0. 2.24498523E+00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE= 2. 23698523E+00 2. 00325258E+00 

MERIT FUNCTION= 1 . 19070182E-02 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

4.471 898 05E+ 0 1 2. 23618694E-02 3. 50000000E+00 

5 . 53697486E+ 0 1 1 . 80604035E-02 9. 33665660E+01 

-4 . 492 08786E+ 0 1 -2. 22613633E-02 2. 50000000E+00 

-4. 07584778E+01 -2. 45347730E-02 1 . 23000UUUE+00 

£ . 3 0537422E+ 02 4 . 33769 056E- 03 3 . 00 00 U 0 U 0E+ 0 0 

-4. 03656273E+02 -2. 47735528E-03 1 . 8097758 0E+ 02 

2.961 28279E+ 0 1 3. 37691491E-02 2. 50000000E+00 

4 . 496 1 33 1 6E+ 0 1 2. 22413094E-02 7. 50000O00E-02 

1 . £78 0557 6E+ 0 1 7. 82438478E-02 2. OOOOOOOOE+OO 

1 . 23278937E+ 01 8.111 68579E- 02 J . 2747 1 093E+ 0 1 

FLAT 0. 1 . OOOOOUOOE+OO 

FLAT 0. 2. 17934776E+00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE= 2. 23734776E+00 2. 00337526E+00 

MERIT FUNCTION* 3. 56518005E-03 
t 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING FIELD LENS ALONE 


RADIUS 

FLAT 

6.60907999E+01 
9.82979996E+01 
-3. 48741999E+01 
-3. 1191 1997E+01 
-3. 04800000E+02 
- 1.2 04976 00E+ 02 


CURVATURE 

0 . 

1. 5130699 0E-02 
1. 01731470E-02 
-2. 8674493 OE- 02 
-3. 2 06 0325 OE- 02 
-3. 28 08399 OE- 03 
-8 . 29892 049E- 03 


SPACING 

0 . 

3. 50000000E+0<SU 
9.400U0UU0E+01 
2. 50000000E+00 
1 . 23000000E+00 
3. OOOOOOOOE+OO 
1.81 2256 G7E+ 02 


3. 04546001E+01 
4. 12749996E+01 
1 . 39700001E+01 
1.45491201E+01 
FLAT 
FLAT 
FLAT 


3. 2835762 OE- 02 
2. 4227741 0E-02 
7. 1581961 0E-02 
6. 8732679 OE- 02 
0. 

0. 

0. 

EX. P. POSITION AND SIZE* 2. 23137699E+U0 2. 00135475E+00 

MERIT FUNCTION* 1 . 16766273E-02 


2. 50QG000GE+00 
7 . 50000000E-02 
2. OOOOOOOOE+OO 
1 . 30000000E+01 
1 . OOOOOOOOE+OO 
2. 16837699E+00 
0. 


RADIUS 

FLAT 

6.609 07999E+ 0 1 
9. 82979996E+01 
-3.48741 999E+ 0 1 
-3. 1191 1997E+01 
-3. 04800000E+02 
-1 . 20497600E+02 
3. 04 05172 0E+01 
4.3051 9696E+ 0 1 


CURVATURE 

0. 

1.513 0699 OE- 02 
1. 01 73 147 OE- 02 
-2. 8674493 OE- 02 
-3. 2 06 0325 OE- 02 
-3. 28 08399 OE- 03 
-8 . 29892 049E- 03 
3. 28891 41 4E- 02 
2. 3227741 OE- 02 


SPACING 

0. 

3. 5000000 OE+OO 
9.4000 0 0 0 0E+ 0 1 
2. 50000000E+00 
1 . 23000000E+00 
3. OOOOOOOOE+OO 
1.81 267 1 62E+ 02 
2.5000O000E+00 
7. 50000000E-02 


1 . 39.66 0 1 49E+ 0 1 7 

1 . 42665777E+01 7 

FLAT 0 

FLAT 0 

FLAT 0 

EX. F*. POSITION AND 
MERIT FUNCTION* 8. 


. 16023866E-02 2. OOOOOOOOE+OO 

. 0 0938949E— 02 1 . 29708956E+01 

. 1 . OOOOOOOOE+OO 

. 2. 18737699E+00 

0. 

SIZE* 2. 23137699E+00 2. 00135475E+00 

01273229E-03 


RADIUS 

FLAT 

6. 60907999E+01 
9 . 82979996E+ 0 1 
-3. 48741999E+01 
-3. 1191 1997E+01 
-3. 0480 000 0E+ 02 
-1 . 2049760 0E+ 02 
3. 12700129E+01 
4 . 295 1 56 0 0E+ 0 1 
1. 377365 19E+ 01 
1 . 42793993E+01 
FLAT 
FLAT 
FLAT 


CURVATURE 

0. 

1.51 30699 OE- 02 
1. 01 73 147 OF- 02 
-2. 8674493 OE- 02 
-3. 2 06 0325 OE- 02 
-3. 28 08399 OE- 03 
-8 . 29892 049E- 03 
3. 19795199E-02 
2 . 3282 04 1 4E- 02 
7 . 26023866E— 02 
7. 00309569E-02 
0. 

0. 

0. 


SPACING 

0 . 

3. 50 U 0U ijO OE+OO 
9. 40000000E+01 
2. 500 00 00 OE+OO 
1. 23000 UO OE+OO 
3. OQOOOUOOE+OO 
1.81 227964E+ 02 
2.50000UOGE+00 
7.50000000E-02 
2. OOOOOOOOE+OO 
1. 3000131 UE+01 

i . ouoouuoue+oo 

2. 19737699E+00 

0 . 


EX. P. POSITION AND SIZE* 2. 23137699E+00 2. 00135475E+00 

MERIT FUNCTION* 1 . 478131 01E-02 
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I 


a OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 

ITERATIONS VARYIN6 FIELD LENS ALONE 




RADIUS 

flat 

6. t 0907999E+01 
9. 82979996E+01 
-3. 48741999E+01 
-3. 1191 1997E+01 
-3. 048OOOOOE+O2 


CURVATURE 


0 . 

1. 5130699 0E-02 
1. 01731470E-02 
-2. 86744930E-02 
-3.208 0325 OE- 02 
-3. 28083990E-03 
-1.2 04976 0 0E+ 02 -8 . 29892 049E- 03 
3. 08092499E+01 3. 24577847E-02 


4 . 4879 191 3E+ 0 1 
1.37320134E+01 
1 . 38427251E+01 
FLAT 
FLAT 
FLAT 

EX. P. PDSITIDN 
MERIT FUNCTION* 


£ . 2282 04 1 4E- 02 
7. 2822533 OE- 02 
7 . £24 0111 4E- 02 
0 . 

0 . 

0. 

AND SIZE* 2. 23137699E+00 
7 . 96289995E- 03 


SPACING 

0. 

3.5000000 0E+ 0 0 
9 . 4 0 0 0 0 0 0 0E+ 0 1 
2.50000000E+00 
1 . 23 0 0 0 0 0 0E+ 0 0 
3. CO'oOOUOOE+OO 
1 . 81308772E+02 
£ . 5 0 0 0 0 0 0 0E+ 0 0 
7. 500000 OOE- 02 
2. OnOOOOOOE+OO 
1.29429457E+01 
1. OOOOOOOOE+OO 
2. 20237699E+00 
0. 

2. 00135475E+00 


RADIUS 

FLAT 

6.609 07999E+ 0 1 
9.82979996E+01 
-3. 48741999E+01 
-3. 1191 1997E+01 
-3. 0480Q000E+02 
- 1.2 04976 00E+ 02 
3. 16281915E+01 
4.35731 925E+ 0 1 
1 . 35459996E+01 
1 . 39869327E+01 


CURVATURE 

0. 

1. 5130699 0E-02 
1. 01731470E-02 
-2. 8674493 OE- 02 
-3. £06 0325 OE- 02 
-3.28083990E-03 
-8 . £9892 049E- 03 
3. 16173626E-02 
£ . £94989 06E- 02 
7. 3822533 OE- 02 
7. 14953035E-02 


SPACING 

0. 

3 . 5 0 0 0 0 0 0 0E+ 0 0 
9.40000000E+01 
2.5000000 0E+ 0 0 
1 .23000000E+00 
3. OOOOOOOOE+OO 
1. 8125221 0E+02 
2.50000000E+00 
7. 5 00 0000 OE- 02 
2. 0000OO00E+00 
1 . 29840236E+01 


FLAT 0. 

FLAT 0. 

FLAT 0. 


1 . OOOOOOOOE+OO 
£ . £ 0837699E+ 0 0 

0. 


EX. P. POSITION AND SIZE* 2. 23137699E+00 2. 00135475E+00 

MERIT FUNCTION* 1 . 86760612E-02 


RADIUS 

FLAT 0 

6.609 07999E+ 0 1 1 

9 . 82979996E+ 0 1 1 

-3. 48741999E+01 -2 
-3. 1191 1997E+01 -3 
-3. 048 00 00 0E+ 02 -3 
-1 . 20497600E+02 -8 
3. 1 1383824E+01 3 

4 . 55583 1 36E+ 0 1 £ 

1. 3523947 1E+01 7 

1. 35848 146E+ 01 7 

FLAT 0 

FLAT 0 

FLAT 0 

EX. P. POSITION AND 
MERIT FUNCTION* 1. 


CURVATURE 

! 5 13 0699 OE- 02 
. 01731470E-02 
. 86744930E-02 
.206 0325 0E-02 
.28 08399 OE- 03 
. 29892049E-03 
. £1 147 06 IE- 02 
. 1 94989 06E- 02 
. 39429 095E- 02 
. 361 16047E-02 


SPACING 

0 . 

3 . 5 0 0 0 0 0 0 0E+ 0 0 
9. 40000UU0E+01 
2. 500 0000 0E+ 00 
1 . 23000000E+00 
3. OOOOOOOOE+OO 
1.81331 387E+ 02 
2. 50000O00E+00 

7 . 5 0 0 0 0 0 0 OE- 02 
2. OOOOOOOOE+OO 
1.29280619E+01 
1 . OOOOOUOOE+OO 
2. 22037699E+00 


0 . 

SIZE* 2. 23137699E+00 2. 00135475E+00 

01 00721 0E-02 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING FIELD LENS ALONE 


RfiD I US 
FLfiT 

6 . 60907999 E +01 
9 .S 2979996 E +01 
- 3 . 48741999 E +01 
- 3 . 1191 1997 E +01 
- 3 . 048 0 0 0 0 0 E + 02 
- 1 . 20497600 E +02 
3 . 1 Q 838348 E +01 
4 . 4861501 8 E+ 0 1 
1 . 334349 05 E + 01 
1 . 3487 085 0 E + 01 
FLfiT 
FLfiT 
FLfiT 

EX. P. POSITION 
MERIT FUNCTION* 


c UP VftTUPE SPfiC I NG 


0. 

1.513 0699 OE - 02 
1 . 01 73 147 OE - 02 
- 2 . 8674493 OE - 02 
- 3 . 2 06 0325 OE - 02 
- 3 . 28 08399 OE - 03 
- 8 .29892 049 E - 03 
3 . 8171 0628 E -02 
2 . 25929975 E -02 
7 . 49429 095 E - 02 
7 . 4 145 006 IE - 02 
0. 

0. 

0. 


0. 

3 . 5000 0 0 0 OE + 0 0 
9 . 4 0 0 0 0 U 0 0 E + 0 1 
2.50 0 0 0 U U OE + 0 0 
1 . 230000 UUE +00 
3 . 00000 UUOE +00 
1 . 81344692 E +02 
2.50 0 0 0 U U OE + 0 0 
7.500 0 0 U u OE - 02 
2 . 0000 OO 0 OE +00 
1 . 291 88559 E + 01 
1 . OOOOUOOOE+OO 
2 . 22837699 E + 0 0 
0. 


fiNIt S I ZE= 8 . 23 1 37699 E+ 0 0 2 . 0 ft 1 35475 E + 0 0 

1 . 6869423 OE - 02 


RADIUS 

FLfiT 

6 . 6 09 07999 E+ 0 1 
9 . 82979996 E + 0 1 
- 3 . 48741999 E +01 
- 3 . 1 19 11 99 7 E +01 
- 3 . 048 0 0 0 0 0 E+ 02 
- 1 . 8 04976 00 E + 08 
3 . 01467579 E +01 
4 . 48 0 08864 E + 0 1 
1 . 32466889 E + 0 1 
1 . 31815126 E +01 
FLfiT 
FLfiT 
FLfiT 

EX. P. POSITION 
MERIT FUNCTION* 


CUPVfiTUPE 

0. 

1.513 0699 OE- 02 
1 . 0173147 OE — 02 
-2 . 8674493 OE- 02 
-3 . 2 06 0325 OE- 02 
-3 . 88 08399 OE- 03 
-8. 29392 049E- 03 
3.3171 0628E- 02 
2 . 862-398 0 7E— 08 
7. 549 059 7 IE- 02 
7.681072572-08 
0. 

0. 

0. 

IND 3 I ZE= 8.8313 
8 • 886 88 1 87E- 03 


SPfiC IMG 


0 . 

3 . 5 0 0 0 0 0 0 0 E+ 0 0 
9 . 4000 OOU 0 E +01 

8 . 5 0 0 0 0 0 0 U E + 0 0 
1 . 23 0 0 0 0 0 0 E+ 0 0 
3 . 0 0 0 0 0 0 0 0E+ 0 0 
1.81 4398 1 7 E +02 
8 . 500 OOOU 0 E+O 0 

7 . 5 0 0 0 0 u 0 OE - 02 
2 . 0 0 0 0 0 0 0 OE + 0 0 
1 . 2858 0 U 69 E + 0 1 
1 . OUOUUUUUE+OO 
8 8 08 3 699 E+ 0 0 


0. 

7699 E+ 0 U 2 . 00135475 E +00 


RfiD I US 
FLfiT 

6 . 6 09 0 7999 E + 0 1 
9 . 829 79996 E + 0 1 
- 3 . 48741999 E +01 
- 3 . 1 191 1997 E +01 
- 3 . 048 0 0 0 0 1 iE + 02 
- 1 . 2049760 OE +02 
3 . 1 0838348 E +01 
4 . 34906735 E +01 
t . 31405282 E +01 
1 . 33133028 E +01 
FLfiT 
FLfiT 
FLfiT 

EX. P. POSITION 
MERIT FUNCTION* 


0. 

1, 

1, 


— © • 

£ . 

< • 
7 » 
0. 
0. 
0. 
RNli 
2 . 2 


CUPVfiTUPE 

5 13 0699 OE - 08 
01 731470 E -08 
g 6 , 744930 E -02 
20603850 E-O 2 
88 0839 9 OE - 03 
29898049 E -03 
8171 0688 E -08 
899 34 356 E - 08 
61 004418 E -02 
51 12841 OE - 02 


IPfii. 1N6 


0. 


SIZE* 8.831 
8 O 01617 E -02 


3 . 5 0 0 0 0 0 0 1 'E + 0 0 
9.40 0 o 0 0 • • 0E+ 0 1 

8 . 5 0 0 0 0 0 0 oE+ 0 0 
1.83 0 0 0 0 0 0 E + 0 0 
3 . 0 o 0 0 0 0 0 OE + 0 0 
1 . 8 1 3 e* 7 8 V| V E + 0 8 
8. 50OOOOUUE+0Q 
7.50 0 0 0 0 0 0 E - 0 2 
8 . 0 0 0 0 1 1 o 0 0E+ 0 0 
1 . 29 0296 1 4E + 0 1 
1 . OOOOUOUOE+OO 
8 . 8 8 6 3 7 6 9 9 E + 0 0 
0. 

37699E+00 2.001 


35475 E +00 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING ALL LENS ELEMENTS 


RADIUS 

FLAT 

6. 60907999C+01 
9.82979996E+01 
-3. 48?4199 C 'E+01 
-3. 1191 1997E+01 
-3. 04800000E+02 
-1.20497600E+02 
3. 01560327E+01 
4.54681 124E+01 
1.31 256672E+ 0 1 
1 • 88361243E+01 
FLAT 
FLAT 
FLAT 

EX. P. POSITION 
MERIT FUNCTION 3 


CURVATURE 

0 . 

1. 513 0699 OE- 02' 
1. 01 73 147 OE- 02 
-2. 8674493 OE- 02 
-3. 2 06 0325 OE- 02 
-3. 28 08399 OE- 03 
-8. 29892 049E- 03 
3 . 316 086 07E- 02 
2. 19934356E-02 
7.61 866 G34E- 02 
7 . 79051354E-02 
0 . 

0. 

0 . 

ANI> SIZE 3 2.2313 
6.3 096 0246E- 03 


SPACING 

0. 

3.50000 0 0 0E+ 0 0 
9. 4000D0O0E+01 
2 . 5 0 0 0 0 0 0 UE+ 0 0 
1 . 23000UUOE+00 
3. 0000 0 0 0 OE + 0 0 
1 . 81485245E+02 
2.50UUU0O0E+00 
7.500m U 0 0 OE- 02 
2. 0000 000 OE+OO 
1.28206946E+01 
1 . OOOOC UOOE+OO 
2. 17837699E+00 
0. 

7699E+ 00 2. 001 35475E+ 0 0 


RADIUS 

FLAT 

6.609 07999E+ 0 1 
9 . 82979996E+ 0 1 
-3. 48741999E+01 
-3. 1191 1997E+01 
-3. 04800 GOOE+ 02 
- 1.2 04976 00E+ 02 
3. 1 0936952E+01 
4.51 329 054E+ 0 1 
1.30977968E+01 
1 . 30734002E+01 
FLAT 
FLAT 
FLAT 

EX. P. POSITION 
MERIT FUNCTION 3 


0. 


CURVATURE 


SPACING 


U, 


1. 5 13 0699 OE- 02 
1. 01731470E-02 
-2. 8674493 OE- 02 
-3. 2 06 0325 OE- 02 
-3. 28 08399 OE- 03 
-8 . 29892 049E- 03 
3.216 086 07E- 02 
2.21 567832E- 02 
7 . 63487 1 86E- 02 
7 . 649 1 1 946E- 02 
0. 

0. 

0. 

AND SIZE 3 2.231 
1 .63 09320 OE- 02 


3 . 5 0 0 0 0 0 0 0E+ 0 0 
9.4000 0 0 0 0E+ 0 1 

2 . 5 0 0 0 0 0 0 0E+ 0 0 
1 . 23 0 0 0 0 0 0E+ 0 0 
3. OOOOOOOOE+OO 
1 . 81406562E+02 
2 . 5 0 0 0 0 0 0 0E+ 0 0 
7. 5 00 0000 OE- 02 
2. OOOOOOOOE+OO 
1. 28764 137E+ 01 
1 . OOOOOOOOE+OO 
2.23737699E+00 
0. 

37699E+00 2. 00135475E+00 


RADIUS 
FLAT 0. 

6 . 6 09 07999E+ 0 1 1. 

9. 82979996E+01 1. 

-3. 48741999E+01 -2. 
-3. 1 191 1997E+01 -3. 
-3 . 048 0 0 0 0 0E+ 02 -3 . 
- 1.2 04976 00E+ 02 -8. 
3 . 0 1 56 0327E+ 01 3 . 

4. 48358764E+01 2. 

1 . 30016707E+01 7. 

1. 274823 05E+ 01 7. 

FLAT 0. 

FLAT 0. 

FLAT 0. 

EX. P. POSITION AND 
MERIT FUNCTION 3 8.5 


CURVATURE 

513 0699 OE- 02 
01731470E-02 
8674493 OE- 02 
2 06 0325 OE- 02 
28 08399 OE- 03 
29892 049E- 03 
31608607E-02 
23 0356 76E- 02 
69 1 3 1 926E- 02 
84422588E-02 


SPACING 

0. 

3. 5 00 0000 OE+OO 
9. 40000000E+01 
2 . 5 0 0 0 0 0 0 0E+ 0 0 
1. 230000 OOE+00 
3. 0 0 0 0 0 0 0 OE+OO 
1 . 81497/70E+02 
2. 5 00 000 OOE+OO 
7.500000 0 OE- 02 
2. 000 000 OOE+OO 
1 .28122494E+01 
1. OOOOOOOOE+OO 
2.201 37699E+ 0 0 


0 . 

SIZE 3 2.231 37699E+ 0 0 2. 00135475E+00 

5812635E-03 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING FIELD LENS ALONE 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

6.60907999E+01 1 . 51306990E-02 3. 50000000E+00 

9. 82979996E+01 1 . 01731470E-02 9. 40000000E+01 

-3.48741999E+01 -£. 8674493 OE- 02 2. 50000000E+00 

-3.11911 997E+ 01 -3.206 0325 OE- 02 1 . £3 0000 0 OE+O 0 

-3. 048O0000E+02 -3. £8 08399 OE- 03 3. OOOOOoOOE+OO 

- 1.2 04976 00E+ 02 -8. 29892 049E- 03 l . 81 424475E+02 
3 . 1 0936952E+ 01 3.216 086 07E- 02 2.5 0 U 0 0 0 0 OE+O 0 

4. 43289428E+01 2. 2558625 IE- 02 7. 5000U0O0E-02 


1 . 29292965E+ 0 1 

7. 73437287E-02 

2. OUOMUUUOE+OO 

1. 2944332 1E+01 

7.72538894E-02 

1 . £86423 08E+ 01 

FLAT 

0. 

1 . 0 0 0 U 0 0 0 OE+O 0 

FLAT 

0. 

2 . 23937699E + 00 

FLAT 

0. 

0. 

EX. P. POSITION AND SIZE= 2.2313 

7699E+0U 2. 00135475E+00 

MERIT FUNCTION* 

£ . 26 024733E- 02 


RADIUS 

CURVATURE 

SPACING 

FLAT 

0. 

0. 

6. 60907999E+01 

1.513 0699 OE- 02 

3 . 5 0 0 0 U U 0 UE + 0 0 

9 . 82979996E+ 0 1 

1. 01731470E-02 

9 . 4 U U U 0 U U 0E+ 0 1 

-3. 48741999E+01 

-2. 8674493 OE- 02 

£. 5000 UUO OE+O 0 

-3. 11911997E+01 

-3. £06 0325 OE- 02 

1 . 2300OUG0E+00 

-3 . 048 0 0 0 0 0E+ 02 

-3. £8 08399 OE- 03 

3. 00 0 0 U u 0 OE + 0 0 

- 1.2 04976 00E+ 02 

-3 . 29892 049E- 03 

1 . 81520765E+02 

3. 01560327E+01 

3.316 086 07E- 02 

2.50 0 0 0 0 0 OE+O 0 

4. 52 32398 7E+ 01 

2. £108 047 IE- 02 

7.5000 0 0 0 OE- 0£ 

1 . 29231 079E+ 01 

7.73807668E-02 

2. OoOOOoOOE+OO 

1 . 261 02749E+01 

? . 93 0 04 1 27E- 02 

1 . 27966853E+01 

FLAT 

0. 

1 . 0 0 0 0 0 0 0 OE + 0 0 

FLAT 

0. 

2. 19637699E+00 

FLAT 

0. 

0. 

EX. P. POSITION 

HMD S I ZE= 2.231 37699E+ U U 2 . U 0 1 35475E+0 0 

MERIT FUNCTION* 

7 . 75665 1 86E- 03 


RADIUS 

CURVATURE 

SPACING 

FLAT 

0. 

0. 

6 . 6 09 07999E +01 

1.51 3 0699 OE- 02 

3 . 5 0 0 0 0 0 0 OE + 0 0 

9. 82979996E+01 

1 . 01731470E-02 

9. 40000000E+01 

-3 . 4874 1 999E+ 0 1 

-2 . 8674493 OE- 02 

2.50 0 0 0 0 0 OE + 0 0 

-3. 1 191 1997E+01 

-3. 2 06 0325 OE- 02 

1 . 23 0 0 0 0 0 0E+ 0 0 

— 3 • 048 0 0 0 0 OE + 02 

-3 . 28 08399 OE- 03 

3. OOOOoooOE+OO 

- 1.2 04976 00E+ 02 

-8 . 29892 049E- 03 

1.81 4458 06E+ 02 

3 . 1 09 36958E+ 0 1 

3. 21608607E-02 

2. 5 00 000 00b +00 

4 . 48327999E+ 0 1 

2. 23 05 098 IE- 02 

7. 5000OOO0E-02 

1.2873 07 08E+ 01 

7 . 768 1 5425E— 02 

2. OOOUOOUOE+00 

1.281 77955E+ 0 1 

7.8 0 1 65358E— ■’>£ 

1 . 285 0 0? 79E +01 

FLAT 

0. 

1 . OOOOOOOQE+OO 

FLAT 

0. 

2 . 24337 699E + 0 0 

FLAT 

0. 

0. 

EX. P. POSITION 

HND SIZE* 2 . 23 1 ■: 

17699E+00 2. 001 35475E+"0 

MERIT FUNCTION* 

c. 1 1 358826E-02 


ORIGINAL' P \ 0 P ycy 
OF POOR QUALITY 
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OPTICAL PRESCRIPTION DATA AND MERIT FUNCTION FOR 16 
ITERATIONS VARYING FIELD LENS ALONE 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

6.60907999E+01 1 . 51306990E-02 3. 500OOOO0E+00 

9.82979996E+01 1 . 01731470E-02 9. 40000000E+01 

-3.48741999E+01 -2. 8674493 OE- 02 2.50000000E+00 

-3.1191 1997E+01 -3. 2 06 0325 OE- 02 1 . 23000000E+00 

-3. 04800000E+02 -3. 28 08399 OE- 03 3. OOOOOOOOE+OO 

- 1. 204976 00E+ 02 -8. 29892 049E- 03 1 . 81537142E+02 

3. 01560327E+01 3. 31608607E-C2 2. 5000000GE+00 

4 . 5352 0225E+ 0 1 2. 20497333E-02 7. 50000O0OE-02 

1 . 2852757 1E+ 01 7. 780431 79E-02 2. OOOOOOUOE+OO 

1 . 251 17123E+01 7.99251 1 15E-02 1 . 27856325E+01 

FLAT 0. l.OOOUOUUOE+OO 

FLAT 0. 2. 196376992+00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE* 2. 23137699E+0U 2. 00135475E+U0 

MERIT FUNCTION* 7. 80319706E-03 


RADIUS CURVATURE SPACING 

FLAT 0. 0. 

6 . 6 09 079992+0 1 1.513 0699 UE- 02 3 . 5 0 0 0 0 0 0 0E+ 0 0 

9 . 82979996E+ 01 1 . 0 1 73 1 47 OE- 02 9.40 0 0 0 U U 0E+ 0 1 

- ? . 4874 1 999E+0 1 -2 . 8674493 OE- 02 2.50 0 0 U U 0 0E+ 0 0 

-3. 1 191 1997E+01 -3 . 2 06 0325 OE- 02 1 . 2300UU00E+00 

-3 . 048 0 0 0 0 0E+ 02 -3 . 2808399 OE- 03 3 . 0 0 0 0 U U 0 0E+ 0 0 

-1.20497600E+02 -8. 29892049E-03 1 . 81461588E+02 

3. 1 0936952E+01 3. 2 J 608607E-02 2. 50000000E+00 

4 . 497965 1 8E+ 0 1 2 . 22322753E- 02 7.50 0 0 U U 0 OE- 02 

1 . 28 0545 1 2E+ 0 1 7.8091 7424E- 02 2. 0000 0 0 0 0E+ 0 0 

1.2716 0932E+ 01 7 . 864 05 055E- 02 1 . 28389295E+ 0 1 

FLAT 0. 1. OOOOOOOOE+OO 

FLAT 0. £.24537699E+00 

FLAT 0. 0. 

EX. P. POSITION AND SIZE* 2. 23137699E+00 2. 00135475E+00 

MERIT FUNCTION* 2. 1 48256 16E- 02 

[ 
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4. EQUIPMENT DEVELOPMENT AND TEST 


This section describes the fabrication, assembly, integration, and 
testing of the MAPS El ectro- Optical Model and Ground Support Unit. Section 

4.1 describes the activities up to integration of the EON Head and Electro- 
nics. Section 4.2 describes the integrated system tests of the EOM. Com- 
ponents developed for the EOM, notably gas cells and detectors, are dis- 
cussed in Section 4.3. The GSU development and testing are described in 
Section 4.4. 

4.1 EOM ASSEMBLY AND INTEGRATION 

4.1.1 Head Assembly and Checkout 

Assembly and preliminary checkout of the EOM Head were performed at 
Barringer Research, Limited. During this phase of the program the Head 
Assembly was usually termed the "HAPS Brassboard," a carryover from the 
original program structure nomenclature. Similarly, the EOM Electronics 
were frequently referred to as the "Breadboard Electronics." These terms 
are used interchangeably in the following sections and in the reference 
documents and appendices. 

Approximately 3-1/2 months were allocated for parts procurement, 
fabrication of machined parts, and assembly of the Head. Long lead parts 
included the following items: 

• Detectors 

• Filters 

t Lenses 

o Beamsplitters and beam combiner 

• Gas cells 

• Chopper motor. 

TRW elected to procure these items, with the exception of the lenses, 
beam-splitters, and beam-combiner, and to furnish the parts to BRL in a 
time frame consistent with the Head Assembly schedule. 
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The PbSe detector requirements were pressing the state of the 
art in two areas: 

• The detectors were required to cool from a 295K heat sink 
to 195K at the detector with 2 watts power or less 

• The required D* was 1.2 x 10^® cm Hz 1/2/M at 4.7 microns 
wavelength and 172 Hz chopping frequency 

These requirements were met, with only a one week slip in the original 12 
week schedule. However, problems in maintaining vacuum occurred later as 
described below and in Section 4.3. 

The pyroelectric detectors were 2 x 2 mm TG$ material flakes, mounted 
with an FET preamp in a small hermetic header. The chief specification of 
an FET preamp in a small hermetic header. The chief specification of 
interest was D*, specified to be >4 x 10 cm Hz 11/W at 11.1 microns wave- 
lengh and 23 Hz chopping frequency. Also of interest were the specified 
limits on microphonic response. The detectors were supplied on schedule, 
and exceeded the D* requirement by a considerable margin. D* values for 
the three units were 5.9 x 10®, 8.5 x 10®, and 8.8 x 10® cm Hz 1/2/W. 

Although the detectors did not meet the original microphonic response require- 
ments, they were found to be suitable for use in the laboratory environment. 
Additional discussion of the pyroelectric detectors is given in Section 4.3. 

The lenses, filters, beam-splitter, beam-combiner, and germanium gas 
cell windows were procured without notable problems and within the allowed 
schedule. The lenses and beam combiner proved to be the pacing elements 
of the schedule, requiring approximately 13 weeks from order placement to 
delivery. 

Perhaps the most critical factor in the optics procurement was obtain- 
ing a high degree of uniformity over the coated surface areas, especially 
for the field lenses, beam-splitters, and gas cell windows. Nonuniformity 
of optical transmission of these elements can cause measurement errors when 
hot spots sweep across the field of view. After considerable discussion of 

these problems, it was agreed that a planetary double-rotation coating 
fixture would be used. Verification of the desired uniformity (< 0.02 
peiccnt transmission variation) by the vendor was not possible, due to 
equipment limitations. The final evaluation of coating nonuniformity 
effects was deferred until integration system tests were performed. 
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The chopper motor used for the EOM was a demonstration model 8-pole 
hysteresis synchronous motor, obtained on consignment for engineering 
tests such as start-up characteristics and hunting amplitude measurement. 
The demonstration motor proved to be entirely suitable for the EOM, and 
was purchased “as is" to avoid delivery delays. 

Several problems were encountered in the initial fabrication of gas 
cells for the EOM: 

1) The vacuum deposited metallization of the cell bodies and 
windows had poor adhesion, due to problems of window con- 
tamination and glazing of the cell bodies near the stem base. 

2) The above adhesion problem, combined with poor control of 
chamfers on the cell windows, led to a low ( <50 percent) 
yield of hermetic seals for the completed cells. 

3) Workmanship and handling problems occurred, resulting in 
marks and scratches on the coated germanium windows. 

Despite these problems, a workable set of gas cells were completed in 
time for the EOM assembly and checkout. These were later replaced 
with retrofit gas cells, built with greater process control, as dis- 
cussed in Section 4.3. 

While the long lead parts were on order, BRL proceeded with the 
detailed design and fabrication of the Head Assembly. Machined parts 
included the baseplate, detector mounts, optics mounts, chopper motor 
mount and cove-, field and aperture stops, covers, an' 4 end plates. 

Chopper pickoffs were assembled and tested. The three blackbodies for 
the EOM (scene reference and two balance sources) were fabricated. 

These were machined from aluminum alloy, providing a pyramidal cone 
structure, and then carefully painted with 3M Black Velvet paint. The 

chopper disc was machined from aluminum alloy material and gold coated. 

No problems of consequence were encountered in the fabrication of these 
components. 

To support tests of the EOM Head at Barringer, TRW fabricated a set 
of six preamps (three for PbSe detectors and three for pyroelectric detec- 
tors) and a motor drive amplifier. These were tested at TRW and shipped to 
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BRL In June 1975. In the case of the pyroelectric detector preamps, 
compatibility tests were performed using the detectors purchased for the 
EOM to verify proper frequency compensation for the detectors. The pre- 
amp tests verified detector compatibility, and showed that preamp noise 
contributions were small compared to detector noise contributions as pre- 
dicted from analysis. 

The general procedure used by BRL for aligning the optics is outlined 
below: 

1) Before installing the lenses, a HeNe alignment laser was 
used to set up the various optics mounts normal to the 
optical axis and to set the centering of the mounts. This 
procedure started at the rear of the optics train and pro- 
ceeded to the front. 

2) The lenses were installed starting from the objective lens 
at the front of the optics train. Focal points were deter- 
mined using a very hot (1200K) point source in the far field 
of the lenses (^3 meters distance), and measuring focussed 
spot size and location with a small InAs detector equipped 
with a pinhole aperture. 

3) The optics mounts were doweled in place to permit precision 
replacement after removal from the baseplate. 

4) The detectors were aligned for peak signal output with an 
extended hot source filling the optics field of view. 

During the focussing measurements and adjustments, it was found 
that the focal lengths and conjugates agreed well with the design 
values. In retrospect, it is believed that setting the lenses at 
their nominal locations based upon ray trace design analysis would 
have been faster and more accurate than the empirical approach employed. 

Functional tests of the Head Assembly were performed at BRL using 
both the CO mode and NH^ mode optics and detectors. The tests performed 
included: 

1) NEP measurements at each detector/preamp 

2) LED pickoff waveform measurements 

3) Scene and balance signal waveform measurements, verifying 
chopper performance, blackbody source performance, and 
detector/preamp frequency response. 

4) Optical throughput measurements. 
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In general, the test results agreed reasonably well with design theory 
and analysis. The LED pickoff signals were sharply defined with steep 
rise and fall slopes. Signal waveforms were nominal, showing good 
(i.e., close to squarewave) chopping of the focussed energy. Optical 

throughput measurements indicated values generally lower than nominal 
by approximately 15 percent for CO wavelength and 20 percent for NH^ 
wavelength. 

One detector branch in the NH^ system showed a discrepancy of 
50 percent between design and measured throughput values. Later tests 
at TRW indicated that this measurement was erroneous. The throughput 
tests at BRL were performed by measuring preamp output voltage change 
for a given change in temperature of a blackbody source. Throughput 
was calculated using the measured value of preamp gain and the manufac- 
turer's data for detector responsivity. The source of error is not 
known but reasonable possibilities include: 

1) Nonoptimum detector alignment may have reduced the energy 
reachinq the detector. Tests at TRW showed significant 
defocussing of detectors at the completion of BRL tests. 

2) Preamp gain calibration may have been erroneous. The pyro- 
electric detector preamp gain is strongly dependent upon 
frequency to compensate detector roll-off, adding possibili- 
ties for error. 

3) Detector responsivity may have been lower than nominal due 
to partial depoling. 

Measurements of detector NEP or D* performed at BRL showed D* 
values lower than manufacturers data by amounts ranging up to 50 percent. 
Later tests at TRW showed that the values were within approximately 20 
percent of manufacturers' data. Reasons for these discrepancies were 
believed to be: 

1) Test equipment used for these measurements did not measure 
rms noise directly. A "crest factor" approach was used, 
measuring noise peaks and assuming Gaussian noise. 

2) The presence of microphonic noise and electrical pickup may 
have added significant contributions to the measured noise. 

3) The PbSe detectors were not cooled to the nominal operating 
temperature, due to vacuum degradation problems discussed in 
Section 4.3. 
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The BRI tests of the Head Assembly we**' completed in August 1975, 
with NASA and TRW personnel in attendance. It was concluded from the 
test results that the optical performance was basically in good agree- 
ment with design theory, and that integration of the Head with the 
Electronics unit should proceed. 

The Sarringer final report on the brass board activity provides a 
detailed description of the Head Assembly design, fabrication, and 
tests summarized above. This report is included as Appendix H. A 
phonograph of the brassboard at the completion of BRI tests in shown 
in Figure 4-1 (covers and end plates removed). 



Figure 4-1. Brassboard Unit at Completion of 
ESI Tests 

4.1.2 El ectr o nics Ass em bly and Checkout 

In parallel with the Head Assembly fabrication and test at BRL, 
the EOH Electronics Unit and the Power Supply Unit were built and tested 
at TRW. The Electronics Unit circuitry was divided into four separate 
boards, as follows: 
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1 - Temperature Control and Motor Drl ve 

2 - Signal Processing A 

3 — Signal Processing B 

4 - Temperature Sensing and Bias Regulators. 

Detailed design and breadboarding was begun In April 1975. Each new 
circuit was breadboarded and tested to confirm design analysis. 

First attention was given to elements needed for the Head Assembly 
tests at BRL. The motor drive circuit was tested and breadboarded in a 
separate box for use at BRL. During this phase of development, it was 
decided to use a single chopper disc for both CO mode and NH^ mode operation, 
achieving the necessary range of chopper speeds by varying the motor drive 
voltage and frequency. The drive amplifier was modified to accommodate 
+60 Vdc motor voltages necessary to synchronize the motor at 3400 RPM for 
CO mode operation. 

As the Head design progressed at BRL, it was found that mechanical 
adjustment of the LED pickoffs for phase control of the demodulators was 
somewhat restricted. Accordingly, the pickoff circuit design was changed 
to permit electrical adjustment of phase delay. The design was breadboarded 
and tested, verifying accurate phase delay control without sensitivity 
to LED output levels. 

A bang-bang controller was built and tested for regulating the 
temperature of the warm balance blackbody source. The controller included 
current ramp rate limiting to prevent EMI problems. Using a dummy thermal 
load, the controller provided good stability characteristics with a 
reasonable limit cycle amplitude and frequency. 

The most critical portion of the EOM Electronics was the signal 
processing circuitry. This circuitry is required to perform precision 
differencing of ac input signals, using a higher frequency reference 
signal to adjust gain balance between pairs of input branches (see 
Section 2 for signal processing concept description). The key element 
in the signal processor is the A6C gain control element. Initially, 
it was planned to use an FET device as the gain control element. Analysis 
of the circuit showed that significant nonlinearities would be present 
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when the detector signal swing was large, modulating the source- to-drain 
operating voltage of the FET. To avoid this problem, an analog multiplier 
IC was selected in place of the FET. This device was found to provide 
adequate linearity provided that voltage swings are kept below 6 volts, a 
requirement easily satisfied. 

Testing of the signal processing circuitry presented a significant 
problem, in that a sophisticated test stimulator was required to measure 
the differencing accuracy of the processor. A special test stimulator 
unit was designed and built to provide simulation of the "S" and "ft" signals, 
with accurate control of the S/R ratio at each of the 3 inputs to the signal 
processor. 

After preliminary breadboarding of critical circuits, the four circuit 
boards of the Electronics Unit were assembled using vector board construction. 
The boards were integrated into a rack-mounting panel, with test points and 
connectors provided for external access. 

The Power Supply Unit was completed in parallel with the final 
breadboarding of the Electronics Unit. The Power Supply Unit consists of 
a set of commercial modular power supplies, integrated into a rack-mounting 
chassis, with switches and controls for providing power to the Electronics 
Unit. This unit was completed without incident in July, 1975, and was used 
to operate the Electronics Unit during final unit tests. 

Final testing of the EOM Electronics and Power Supply Units was 
performed in August, 1975. The test procedure and results are documented 
in Appendix G. All functional performance characteristics were normal. 

Typical results are presented in Figures 4-2 through 4-5. It was concluded 
from the final tests that signal differencing errors in the electronics 
could be kept well below 1 NEN, provided that: (a) detector/preamp gains 

are matched within 30 percent by preamp gain adjustment, and (b) aV and aV' 
outputs are calibrated as a function of the V signal for a blackbody 
target source. 

Figure 4-6 shows the Electronics Unit at the time of unit testing, 
illustrating the construction and layout of the four circuit boards. 
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Figure 4-2. Effects of V Signal on &V Signal at High 
Chopping Frequency (CO Mode) 





CHANGE IN AV OUTPUT IN MILLIVOLTS 



1NEN 



SCENE LEVEL (V SIGNAL) 
IN VOLTS 


Figure 4-3. Effects of V Signal on a V Signal at 
Lower Chopping Frequency (NH^ Mode) 
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Figure 4-4. Gain Unbalance Effects at High Chopping Frequency 








o 
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Figure 4-5. Gain Unbalance Effects at Lower Chopping Frequency 






122153-75 


Figure 4-6. EOM Electronics Unit at Start 
of System Testing 

4.1.3 EOM Integration 

The EOM Hoad was transported from Barringer Research to TRW in late 
August 1975, for integration with the electronics. The first step in 
integration was the construction of interconnecting cables and a wiring 
narness for the Head Assembly. Two cables were fabricated, separating 
sensitive signal wires from the less critical motor drive and heater 
cor.r.ol cabling. 

It was decided to avoid the use of connectors at the Head rear plate, 
since connectors could increase cross coupling of signals. Therefore, 
the Head cables were constructed in "pigtail" fashion, becoming part of 
the Head. It was later determined that the pigtail style was an unnecessary 
precaution, when extender cables were added for use in aircra f t flight 
evaluation tests. 
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After completion of the cables and wiring, system integration was 
completed in approximately 1 week's time with :io significant problems. 

The following functions were checked to verify interface compatibility: 

1) Chopper motor startup, synchronization, and stability were 
measured at low, intermediate, and high (23, 86, and 172 Hz) 
chopping speeds. 

2) Heating and control of the ''ot balance source were measured, 
verifying control loop performance. 

3) The detector thermoelectric c.oler control circuit operation 
was checked. 

4) Operation of the chopper LED pickoffs with the interfacing 
squaring .- npl ifiers was checked for normal circuit operation. 

5) The detector/preamp interface with the electronics unit was 
checked, including bias regulator effects and overall EMI 
performance of the integration system. 

6) The functional operation and calibration of the six temper- 
ature sensing circuits was checked. 

The above checks all showed normal circuit operation, confirming 
compatibility of the electrical interface. The amplified detector signals 
showed notable switching spikes due to motor drive interference, both in 
the CO mode and NH^ mode. However, the spikes were very similar between 
the three detector branches and appeared to be stable. It was judged 
that the coherent noise observed in the signals would not cause a large 
effect at the signal processor output. 

The signals at the difference amplifiers (aV and aV‘) were observed 
to check phase matching of the chopped waveforms. The LED pickoff signals 
were phased to peak the "V" and "R" outputs of the signal processor. With 
the PbSe detectors and preamps installed, no adjustment for phase matching 
was deemed necess''>. When the pyroelectric detectors and preamps were 
installed, significant phase differences were observed. This was attribu- 
ted to differences in the pyroelectric detector frequency responses and in 
the lead-lag compensation circuits of the preamps. A coarse phase matching 
adjustment was performed by changing preamp capacitor values. This adjust- 
ment later proved to be adequate, so that precision phase trimming was not 
performed. 
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The final step in system integration was to verify qualitative AGC 
loop performance and system balance. Decade resistance boxes were used 
in place of the selectable balance trim resistors (R29, R33, R37, and R38). 

A hot black plate was set up to fill the optics field of view. The instru- 
ment was operated with the PbSe detectors and the CO system optics. The 
AGC circuits for AV and aV' shewed normal performance characteristics. It 
was found that adjustment of the decade resistors produced the desired 
balance trim effect. Noise levels at the aV and aV’ outputs were higher 
than predicted by approximately 40 percent, a result attributed to detector 
performance and nonoptimum alignment. 

During these tests at TRH, and during the earlier tests at BRL, opera- 
tion of the PbSe detectors was marked by a progressive loss of cooling capa- 
bility due to vacuum degradation. Occasional firings of the getters were 
performed, each time restoring the cooling capability to the original con- 
dition. The details of the detector problems and corrective measures taken 
are described in Section 4.3.1. 

4.2 EOM SYSTEM TESTING 

Integrated system tests of the EOM Head, Electronics, and Power Supply 
panel were begun in September, 1975. A System Test Procedure- (Ref. 7) was 
prepared to cover the planned tests. The sequence of tests in this procedure 
was: 

1) Optics alignment tests 

2) Field of view test 

3) Blackbody response tests 

4) Radiance gradient tests 

5) Dynamic response tests 

6) Gas sensitivity tests 

7) Stray energy rejection tests. 

Testing was started with the system configured in the CO mode. It was plan- 
ned to perform the same set of tests for each mode, allowing approximately 
8 weeks for each test series. As events developed, however, the schedule 
was revised and lengthened due chiefly to problems encountered during the 
gradient response tests. The test activities and results are described in 
the following sections. 4.15 



4.2.1 Optics Alignment Tests 

The purpose of the alignment tests was to verify that the optical 
elements were properly focussed, providing the desired image conjugates, 
and properly centered to ensure avoidance of vignetting. The Head Assembly 
was mounted on a rotary table fixture facing a collimated IR source as 
illustrated in Figure 4-7. The angular size of the collimated source was 
0.15 degree. The chopper was synchronized to a Brower Model 131 lock-in 
voltmeter to facilitate detection of the chopped energy source. 

Measurements of beam size and centering were performed using a micro- 
meter controlled knife edge. The knife edge was supported from a three-axis 
micrometer cross-slide, rigidly mounted from a heavy base adjacent to the 
Head. 

The first test performed was a measurement of blur circle diameter 
at the field stop. Figure 4-8 shows the results of the test. It was 
concluded from this test that: (a) the field stop focus adjustment was 

satisfactory, and (b) the imaging quality of the objective lens agreed 
well with ray trace design analysis. 

It was noted at this point that the objective lens mount was not 
well aligned to the optical axis. At the start of the test the Head was 
aligned to the source by autocollimating from a mirror clamped against 
the objective lens mount. The source image was then found to be horizontally 
decentered at the field stop by an amount equivalent to approximately 
0.5 degree. During initial alignment at BRL, the lens mount was accurately 
aligned to the optical axis usir.q a HeNe laser. However, the lens was 
later moved forward to refocus the field stop, and during this relocation 
the misalignment apparently occurred. No correction was deemed necessary 
(the lens is doweled in place, making realignment difficult), but the 
result is noted to caution against the use of this surface as an alignment 
reference. A detachable mirror reference, which mounts to the front of 
the Head and provides an adjustable mirror as an alignment aid, was 
fabricated to facilitate future testing. 
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Figure 4-8. Spot Size at Field Stop 


Two additional tests were performed with the same test apparatus, 
aligned to center the focussed spot in the field stop: 

1) The relayed spot image size and location was measured at 
each field lens. 

2) A two-axis scan was performed at the objective lens to 
verify that the image of the aperture stop was symmetri- 
cally inscribed within the objective clear aperture. 


During the former test, the location of the minimum spot size was measured 
and found to be approximately 1.2 cm in front of the field lenses. The^ 
size of the spot was 0.G1 mm as measured between the 10'percent response 
points, indicating good on-axis image quality for the relay doublet. Spot 
centering measurements were as follows: 


Detector No. 1 


Detector No. 2 Detector No. 3 


Horizontal Axis 0.025 inn 

right 

Vertical Axis 0.13 mm low 


0.38 mm 
left 

0 


0.99 mm 
right 

0.36 mm low 


NOTE: Directions are defined facing the detectors. 

Detector numbers are: 1 for AV branch; 2 for common or V branch 

3 for aV' branch. 
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The centering tolerance allocation was 0.64 mm. Hie image at detector 

No. 3 was later moved 0.74 mm toward center by adjusting the folding 
mirror between the first beam-splitter and the detector No. 3 field lens. 

Measurements of the image size and location at the objective lens 
showed that the image size was approximately nominal (2.35 cm square 
between 10 percent relative response points), centered approximately 0.25 
mm to the right of center and 1.14 mm below center. No adjustment was 
deemed necessary, since the entire image was clearly inscribed within the 
lens clear aperture. 

The next alignment test performed was a field lens vignetting test with 
the optics field of view filled. This test was performed before adjusting 
the folding mirror to improve the beam centering at detector No. 3. To 
permit use of the same chopped IR source and detector system (lock-in volt- 
meter) while filling the field of view, the source was moved close to the 
entrance aperture and a small (2.5 mm diameter) aperture stop was installed 
at the objective lens. The test was performed by inserting a knife edge into 
the beam just before each field lens, from the left, right, top, and bottom 
sides. The results are shown in Figure 4-9. The beam size was slightly 
smaller than anticipated, due to the fact that the field stop was slightly 
undersized (approximately 5 percent below nominal). A small amount of beam 
eccentricity was noted, as shown in the figure, for reasons that were never 
satisfactorily determined. Some amount of experimental error (less than 
0.25 mm per measurement) was present since the beam edges were not 
sharply defined by the 0.6 percent signal reduction points in the skirts 
of the beam. In general, the beam centering results showed fair agreement 
with those obtained in the earlier on-axis tests. Both tests showed a 
centering error of 0.99 mm to the right on the detector No. 3 field lens. 

Therefore, the beam was recentered by removing one of the dowel pins in 
folding mirror mount and rotating the mirror by a small amount. After 
this adjustment, the beam center was measured to be 0.25 mm to the right 
of the lens center. 
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DETECTOR NO. 2 


DETECTOR NO. 3 


DETECTOR NO. 1 


1.32 



22.43 VERTICAL 

22.10 M0RI20NTAL 

0.30 HIGH 
0.36 R,6W 


1.70 



PJSAM $tf & 

21 .87 VERTICAL 

21 .97 HOH,ZOWTAL 

CENTERING : 

0.23 HIGH 

0.76 LEFT 


1.63 



BMP Sift 

22 . 23 VERTICAL 
21 g4 HORIZONTAL 

qint mm 
0.13 HIGH 
0.99 R,6MT 


NOTE: MEASURED BEAM EDGES CORRESPOND TO OlA PERCENT SIGNAL REDUCTION 

FIGURE 4.. FIELD LENS VIGNETTING TEST BESULTS (All Dimensions 1 H Itll 11 lllieterS ) 

Figure 4-9. Field Lens Vignetting Test Results 

An additional alignment check was performed to measure the alignment 
of the reference beam used for maintaining balance. For this test, the 
scene energy component was blocked by an obstruction placed behind the 
field stop. The chopper and balance sources were turned on, and a wave 
analyzer was connected to each preamp output in sequence. The knife edge 
apparatus was used to probe the beam at each field lens. The diameter 
of the reference beam was found to be very similar to that of the full -field 
scene energy beam. However, the beam was found to be horizontally decentered 
by approximately 1.52 mm. This centering error was corrected by removing 
one of the dowel pins in the beam combiner mount, and rotating the beam 
combiner to center the energy at the field lenses. It was noted that this 
adjustment produced a notable change in balance, reducing the values of 
trim resistors needed to achieve balance. 

Using the same equipment setup, the EOM field of view was measured 
in the horizontal and vertical axes. The F0V was found to be 4.28 +0.02 
degree in each axis, measured between the 50 percent relative response points. 
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4.2.2 Initial Balance Tests 

Preliminary blackbody response tests were performed with the unit in 
the CO configuration. Using the decade resistance boxes, the aV and a V' 
outputs were nulled with the instrument viewing a 350K black plate at a 
distance of 5 feet. The plate was then varied from room ambient (~298K) 
to 350K, observing the mean and standard deviation of the aV and aV' 
outputs at 10K steps throughout these tests, the gas cells were installed 
in the Head. The aV and aV' outputs stayed constant within 8 NENs over 
this range of source temperatures. Noise values were determined by taking 
100 samples at intervals of 1-2 seconds (five times the noise correlation 
time constant based on the nominal 0.2 Hz bandwidth), and calculating 
mean and standard deviations using an on-line programmable calculator. 

The noise measured for aV and aV was slightly below the specified NEN 
for the ambient source case, increasing to 30 percent above specification 
as the source temperature was increased to 350K. The noise data was 
considered encouraging, in that one of the PbSe detectors was operating 
~25°C warmer than nominal and no attempt had been made to optimize 
detector selection (i.e., placing lowest noise detector in lowest throughput 
optics brancn). 

The 8-NEN variation of AV and aV' outputs over the 50K source 
temperature range confirmed that the continuous balance system was operating 
generally as predicted. However, the stability and repeatability of data 
was considered unsatisfactory. Drift rates of 2 to 3 NENs per hour were 
observed, necessitating frequent trim resistor adjustments. It appeared 
probable that the cause of this drift was thermal instability of the 
detectors, which were controlled by open-loop trimpot adjustments. To 
verify that balance was varying with detector temperature, the temperature 
controller for one of the detectors was adjusted to increase its temperature 
from 200K to 215K. During this adjustment, the aV output shifted by 25 NENs. 
The changes were sufficiently linear to infer that the detector must be 
controlled within 0.5K to maintain balance within 1 NEN. (NOTE: This 

criterion is based upon the worst-case source temperature, 350K. At lower 
source temperatures the sensitivity to temperature change is reduced.) 
Therefore, a design change was initiated to add closed-loop proportional 
controllers for the PbSe detectors. 
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With the EOM still In the CO mode, a test was performed to measure 
noise variation in the AV and AV' outputs as a function of chopping fre- 
quency. Figure 4-10 shows the results of this test. It was concluded that 
the chopping rate could be reduced from the nominal 172 Hz to approximately 
86 Hz with no perceptible noise increase, thereby increasing the bearing 
life of the motor and reducing drive voltage requirements. The capability 
to operate at either frequency is retained in the EOM by selecting the 
desired switch positions for motor speed and voltage. However, the CO 
system tests for the remainder of the program were performed at 86 Hz 
chopping frequency except where explicitly noted otherwise. 



Figure 4-10. Output Noise Versus Chopping Frequency 

While preparations were being made to add closed- loop controllers 
for the PbSe detectors, the Head was converted to the NH^ configuration. 

This change required replacement of the filter, beamsplitters, gas cells, 
detectors, and preamps; the time required was slightly more than one day. 

The detectors were aligned for peak output at the beginning of test operations. 


4-22 


Visual observations of the preamp output waveforms showed notable 
differences in noise appearance for the three detector branches. The 
spare detectors were substituted for the original detectors, since they 
were rated as having higher D* values. This produced a modest improvement 
in the waveform appearance. 

During preliminary balance adjustments, spikes were observed at the 
aV difference amplifier. Such spikes are indicative of phase shifts 
between the chopped waveforms. The problem was traced to the Detector No. 1 
preamp, which had a 100 pf capacitor installed where a 2700 pf capacitor 
should have been used. After replacement with the proper value, the 
spikes we^e reduced substantially to a level similar to those of the aV' 
channel. Figure 4-11 shows typical waveforms at the difference amplifier 
outputs with the system trimmed for null output. 



Figure 4-11. Difference Amplifier Waveforms 
Top: AV Channel (AR7-6) 

Bottom: a V Channel (AR8-6) 

Scale: 1 v/cm, 5 ms/cm 

The EOM was set up on the GSU to perform blackbody response tests and 
gas sensitivity tests. For the first test series, the EOM viewed the source 
through the cell windows. (NOTE: The GSU has an optional capability for 

directly coupling the source to the Eoi-i. The overall transmission factor 
for the two cell windows is 0.87 for the NH^ spectral band.) The unit was 
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trimmed for null output, first for a 250K source and then for a 240K source 
temperature. The results are plotted In Figures 4-12 and 4-13. The unit 
was then trimmed for the nominal balance condition, and the response curves 
of Figure 4-14 were measured. Finally, the response test was repeated with 
the EOM directly coupled to the GS'i blackbody source, yielding the results 
shown In Figure 4-15. The response curves were found to be repeatable 
within normal experimental error. The results showed good agreement with 
the predicted response of Section 3. 

During the blackbody response tests, it was noted that microphonic 
response of the pyroelectric detectors was evident. This was evidenced 
by detector waveform appearance, an increase in noise output of the 
a V and a V' signals, and by DC offsets up to 1 NEN apparently due to 
noise rectification. The major source of vibration was the GSU vacuum 
pump causing resonant vibrations of the EOM. By adjusting the EOM 
mounting to reduce resonances, the problem was reduced to an acceptable 
level . 

Following the adjustment to reduce vibration, the output noise was 
measured as a function of source temperature. The noise is a minimum for 
a source temperature equal to that of the Instrument, since the "S" com- 
ponent of the detector signals is zero. When the "S" component is zero, 
random gain errors in the gain control element due to AGC loop noise cause 
no increase in output noise. As the signal increases, the gain noise cross- 
couples with the signal in a multiplicative fashion to combine with the 
feed-forward noise from the detectors. The measured noise shown in Fig- 
ure 4-16, agrees quite well with predicted behavior described in Section 3. 

A preliminary gas response test was performed using the 351 part-per- 
million NH^ gas mixture. For this test, the GSU absorption cell was 
filled to 1 atmosphere with the NH^ gas mixture after first evacuating 
and flushing the cell and manifold with the mixture several times. Then 
the cell was evacuated in steps by pumping down the manifold and releasing 
gas from the cell by opening the metering value. Thus, the total pressure 
of the cell was reduced while keeping a constant ratio of NH^ to Ng. 

The results of this test are shown in Figure 4-17. The aV and aV* outputs 
exhibited a regular, well-behaved response to the pollution simulation, 
with expected gain difference between the aV and a V' channels. 
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Figure 4-12. NH 3 Mode Blackbody Response, Case 1 



Figure 4-13. NH^ Mode Blackbody Response, Case 2 
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Figure 4-14. NH^ Mode Blackbody Response, Case 3 



Figure 4-15. NH^ Mode Blackbody Response, Case 4 
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Figure 4-16. RMS Output Noise versus Source Temperature, NH 3 Mode 
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Figure 4-17. Preliminary NH^ Mode Gas Response Measurement 
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The next test planned for the EOM was measurement of response to a 
step gradient target. A pair of black plates at 300K and 350K were set up 
as a target with a collimating mirror to produce a far-field apparent scene. 
Offsets in the &V and aV' outputs of approximately 50 NENs were observed 
when the target was scanned. Initial attempts to correct the gradient 
sensitivity showed that: (a) optical alignments, especially detector position, 

had a critical influence on gradient response, and (b) the offsets could 
be reduced to approximately 10 NENs by relatively straightforward 
alignment adjustments. Since the goal was to achieve measurement accuracy 
of 1 NEN, an investigation of the gradient response problem was begun 
as described in the following section. 

4.2.3 Gradient Response Investigation 

The gradient response investigation was begun with the unit in the 
NH^ mode. After preliminary attempts to minimize offsets by adjusting 
detector alignment and beamsplitter angles, the response to a 50K step 
gradient was approximately 10 NENs. Diagnostic tests were started to 
ascertain the causes of the gradient response. It should be noted that 
the tests described in this section were organized to understand the 
nature of the problem, rather than to effect a reduction of the offsets. 

The first diagnostic test was to measure siqnal levels at each 
detector as a function of field angle. The tes ; was performed using a 
collimated point source, chopped to exclude background energy, and rotating 
the Head about the objective lens nodal point. Figure 4-18 shows a 
typical result obtained, where rotation was performed in discreet steps 
and the data ^s manually plotted. Similar results were obtained with 
the beamsplitter removed. It was apparent that the relative gains of 
three branches varied differently with field angle, causing a V and a V' 
offsets in the presence of nonuniform backgrounds. 

The manual plotting of data proved to be time consuming. To expedite 
the measurements, the rotary table was set up for automatic drive at a 
rate of 1.6 degrees per second. The detector/preamp signals, measured 
using a lock-in vcHmeter set for 0.1 second rise time, were connected 
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to a chart recorder. The chart speed was 29 m/sec. Figure 4-19 shows 
the chert records obtained as the detector position was adjusted in the 
horizontal direction. For comparison. Figure 4-20 shows the response pro- 
files for detectors 2 and 3 after centering each detector for best symmetry. 
Figure 4-21 shows a chart recording of the AV gradient response when scan- 
ning at constant rate across a 50K gradient target. 
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Figure 4-18. Detector Relative Response Versus Field Angle 

Tite detector response profiles originally measured were for the 
case of detectors fccussedfor peak output with the optics FOV uniformly 
filled. A focussing adjustment was performed in an attempt to obtain 
sharper cut-on and cut-off of field responses with flatter response 
near the center. Figure 4-22 shows the results obtained for detector 
Nc. 2, typical of the three detectors. It was concluded that the original 
focus setting for each detector was approximately 0.38 mn\ ahead of 
sharpest focus. The refocussing adjustment resulted in a signal decrease 
of approximately 3 percent. After refocussing, the detector response 
profiles were found to be considerably less sensitive to detector 
lateral position. However, measurements of gradient response after 
refocussing and realignment show offset magnitudes about equal to 
those observed previously. 
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B) DETECTOR NO. 0 . 1 3 ran TO THE RIGHT 




C> DETECTOR NO. 0.36 mm TO THE RIGHT 




D) DETECTOR NO. 1 CENTERED 

Figure 4-19. Response Profile Versus Position, Detector No. 1 
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Figure 4-21. Gradient Response with Detectors Aligned for 
Symmetric Response Profiles 
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a) 1.78 mm focus shims 



b) 1 .91 mm focus shims 



c) 2.13 mm focus shims 


Figure 4-22. Effect of Focus on Detector Response Profiles 
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Alignment adjustments to this point were not exact and time consuming 
due to poor adjustability of the detector mounts. Also, the scan drive 
speed for the rotary table was too high to provide high resolution and 
high signal-to-noise ratio in the response profile measurements. It 
was decided to temporarily suspend testing while new detector mounts 
were designed and fabricated. A 10:1 gear reducer was obtained to 
reduce the scan drive speed. In addition, a set of infrared polarizers 
and wajeplates was procured to permit investigation of polarization 
effects which could be contributing to the gradient problem. 

Equipment modifications during the suspended testing period included 
the following: 

1) The detector mounts were redesigned to incorporate micrometer 
controls for lateral adjustments and to minimize crosstalk 
between horizontal and vertical adjustments. The micrometer 
heads are removable after adjustment to allow installation of 
the preamp covers. 

2) The field lens mounts were modified to provide precision 
centering of the gas cells for rapid removal and replacement. 

3) Guides and stops were attached to the baseplace to facilitate 
adjustment of lens mounts. The stops serve the function of the 
original locating pins, but provide means for adjustment via 
slotted holes. 

4) Clearance holes were enlarged to permit a larger range of 
adjustment of various optics mounts. 

5) The mount supporting the relay lenses, field stops, filter, and 

aperture stop was replaced with three separate mounts: one for 

the aperture stop and filter; one for the scene field stop and 
relay optics; and one for the reference beam field stop and 
relay optics. The new field stop mounts provide for +1 mm 
focus adjustment using shims. 

6) An alignment mirror fixture was fabricated, which attaches to 
the front of the instrument and provides an adjustable mirror 
which can be aligned normal to the FOV centerline. 
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7) A pair of ten-turn precision trimpots were installed on the 
breadboard electronics panel for use in trimming the aV and a V' 
balance adjustment, replacing the decade resistors. 

A commercial three-axis micrometer mount was purchased to facilitate 
through-focus tests of individual detectors. This mount does not fit 
within the preamp cover, however, and was deemed to be unsuitable for 
the finished brassboard configuration. Adapters were machined to interface 
this mount with the baseplate, detector, and preamp. 

An infrared polarizer, usable between 2.0 and 20 microns wavelength, 
was procured. Two waveplates (one 1/4 wave and one 1/2 wave retardation 
at 10.6 microns wavelength) were procured. A ZnSe Brewster window, 
usable as a polarizer or as an alternative beam combiner, was also procured. 

The new detector mounts were installed on the brassboard and tested. 

It was found that the detectors could be readily positioned within 
0.025 mm repeatability in either axis, with no perceptible crosstalk. 

Gradient sensitivity tests were run for a V offset as a function of 
field lens/detector assembly and detector lateral positions. For these 
tests the detector focus position was maintained at the optimum focus 
position determined during previous tests. All of the tests were run 
with the gas cells removed and the preamplifier gains set for equal 
signals out of all three preamplifiers. The tests were run by scanning 
the instrument's field of view across two black plates, . ,;e at room 
ambient temperature and the other at 70K. The SI ( A V) channel field lens 
assembly and the SI detector were then systematically moved and gradient 
sensitivity determined. Figures 4-23 and 4-24 show the a V offset magnitude 
as a function of lateral p ition for the field lens/detector assembly and 
for the detector alone. The data scatter of Figure 4-24 was apparently due 
to the introduction of some rotation of the detector/lens assembly during 
translation. A recheck of a few points with care being taken to avoid 
rotation indicates that the aV offset magnitude is a smooth function of 
lateral position. Tests indicated that the AV offset for this axis was 
quite insensitive to vertical position of either the field lens/detector 
assembly or of the detector alone. 
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Figure 4-23. aV Offset as a Function of Field Lens/Detector Assembly 
S-l Lateral Position 
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Figure 4-24. aV Offset as a Function of Detector S-l Lateral Position 


Figure 4-25 is a strip chart recording of the AV offset and the V (S2) 
channel signal during the scan over the gradient and back for the lens 
assembly and detector positions which minimized the AV offset. 

The brassboard instrument was then rotated 90 degree on the scanning 
rotary table. This allowed scanning the gradient in plane 90 degree from 
that previously scanned. After a small adjustment of the SI detector posi- 
tion in the vertical direction, the aV offset as the gradient was scanned 
disappeared. Figure 4-26 is a strip chart recording of the aV and V signals. 
Note that the gain on the a V signal is a factor of 5 higher than it was in 
Figure 4-25. The structure on the aV signal is apparently due to random 
noise. The absence of gradient sensitivity in this axis appeared to sup- 
port the theory that the gradient sensitivity is due to polarization effects 
within the instrument. 

The beam combiner was then removed and the field stop, aperture 
stop, and relay lens assemblies were remounted using the new mounts. 

The objective lens field stop, and relay lens were moved to accommodate 
the shift in optical axis due to the absence of the beam combiner. The 
AGC loops for aV and aV' were opened and manually balanced using a 
voltage supply. Although the balance conditions drifted with the AGC 
loops open, the short term stability was sufficient to allow gradient 
sensitivity testing. After realignment of the SI and S2 field lenses 
and detectors to minimize the AV offset when scanning the gradient, the 
result shown in Figure 4-27 was obtained. This is essentially the same 
result obtained with the beam combiner installed. The field lens/detector 
assembly and detector positions for the S3 channel (AV 1 ) were then varied 
to optimize the AV* offset when scanning the gradient. The resultant 
offset magnitude was about the same as that obtained for av. 

In order to provide insight into the cause of the aV and aV‘ offsets, 
a collimated point source was scanned across the field of view and the pre- 
amplifier outputs were monitored. Figure 4-28 shows strip chart recordings 
of the three outputs using the reduced speed scan drive. 
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Figure 4-25. AV Offset Scanning Gradient, Optimum Field 
Lens and Detector Position 
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Figure 4-26. aV Offset Scanning Gradient, 
Gradient Rotated 90 Degrees 
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Figure 4-27. AV Offset Scanning Gradient, 

Beam Combiner Removed 

Further tests were run to analyze the causes of gradient induced off- 
sets in the AV and A V' outputs. With the beam combiner removed and the AV 
and a V' AGC loops opened and manually balanced, tests including the follow- 
ing were performed. 

1) Field lens/detector assembly and detector positions were 
further adjusted to determine the effect on gradient off- 
sets. 

2) Field lens and detector assemblies were interchanged to 
determine if the gradient effects occurred prior to this 
point in the optics. 

3) Detectors were rotated to determine if detector zonal 
variation affected the gradient response. 

4) One set of field lenses was rotated to determine whether 
zonal variations in field lens transmission contributed 
to gradient response. 

5) Reduction of field stop and aperture stop diameters to 
determine the effects of reduced field angles and a 
reduced active area of the detector on gradient response. 
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Figure 4-28. Field of View Scans for the Three Channels 
*ng Collimated Point Source 
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6) Polarization sensitivity tests to determine whether polari- 
zation before the aperture stop contributed to qradient 
effects and to determine the effect of the introduction of 
polarization on gradient offsets. 

General conclusions drawn from the tests are: 

1) Detector zonal variations are a strong factor in causing 
gradient offsets. 

2) Polarization effects in the objective lens, relay lens, and 
filter are not significant. 

3) Rotation of field lens elements causes no significant change 
in gradient response. 

4) Reduction of field stop and aperture stop diameters yield no 
significant change in the magnitude of gradient offsets. 
However, the structure of the response when scanning across 
a gradient edge is altered. 

A discussion of tests performed and results is presented below. 

1) The field lens/detector assembly and detector in the refer- 
ence position, S-2, were adjusted to provide maximum signal 
output. Tlv S-l assembly was then adjusted first for maxi- 
mt 'i signal output, then readjusted to minimize the aV offset 
when scanning a gradient. In general, it was found that in 
the maximum signal alignment position a mor.opolarity pulse 
occurred in AV as the gradient was scanned, whereas when the 
minimum offset was attained and S-shaped gradient offset 
occurred. Figures 4-29 and 4-30 illustrate these conditions. 
For both figures, the field of view was scanned from the hot 
source (70K) to an ambient temperature target, then back on 
to the hot target. The S-shaped pulse was apparently caused 
by introducing an offset of opposite polarity to the mono- 
polarity pulse, but not in phase with it The monopolarity 
pulse appeared to be due to slight slope differences in the 
two fields of view, whereas the offsetting responses appeared 
to be due to effects near the edge of the field of view. 
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Figure 4-29. Monopolarity A V Pulse 



3SfSSS 


Figure 4-30. S-Shaped a V Pulse 
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aV Channel, 0.5V/cm 
(1 MEN = 0.03GV) 

V Channel, 2V/cm 


AV Channel, 0.2V/cm 
(1 HEii = 0.036V) 

Channel, 2V/cm 



2) The S-l and S-2 field lens/detector assemblies were inter- 
changed. Some minor structure in the field of view response 
as determined by scanning a collimated point source remained 
with the lens/detector assemblies. This structure did not 
appear to be affected by small detector displacemenets, and 
was probably due to imperfections in lens coatings. These 
effects did not appear to appreciably affect the gradient 
response. 

3) The S-l and S-3 lens/detector assemblies and detectors were 
adjusted to minimize the aV and aV offsets when scanning 
the thermal gradient. The minimum offsets attained were 
about 3 NENs (zero to peak) horizontal and 6 NENs vertical 
for A V, and about 0.5 NEN and 8 NENs for the same scan con- 
ditions for aV . These offsets were all S-shaped with 
approximately equal positive and negative excursions. 

4) A half wave plate was introduced just behind the aperture stop 
and gradient offsets were measured for different rotation angles 
of the wave plate No effect was observed, indicating no 
significant linear or elliptic polarization occurred prior to 
the wave plate with the beam combiner removed from the system. 

5) The field lens/detector assemblies were adjusted t** irovide a 
monopolarity pulse in aV for a vertical gradient scan. Detec- 
tor 1 was then rotated through 90 and 180 degree. The 90 deg- 
ree rotation resulted in a reduction in amplitude of che ver- 
tical scan offset and a 180 degree rotation resulted in a 
polarity reversal and a slight S-shaped pulse. It is not 
clear whether this effect was due to detector nonuniformity, 
to a nonperfectly centered detector element or to a combina- 
tion of the two. 

No s i on. f leant effect was observed in scanning a horizontal 
gradient. 
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6) The field lenses in the assembly in position S-l (aV channel) 
were rotated 180 degree. No apparent effect was noted for this 
test. It was noted that there was a chip in the edge of the 
back surface of the second field lens element. Athough this 
chip appeared to protrude into the clear aperture area slightly, 
it does not appear to be a significant factor in producing the 
gradient offset. 

7) The S-l and S-2 field lens/detector assemblies were replaced in 
their initial locations and a series of tests were run with the 
field stop and aperture stops replaced with smaller stops. It 
was found that with the field lens/detector assemblies adjusted 
to provide an S-shaped gradient response in aV, that install- 
ation of either the smaller field stop or smaller aperture 
stop resulted in a monopci arity response. 

8) A ZnSe Brewster window was placed in front of the objective 
lens at 55 degree (the Brewster angle is about 67 degree) to 
provide a partially linear polarized input. A half wave plate 
was placed near the aperture stop. The A V offset could be set 
to be a monof'olarity pulse or an S-shaped pulse by positioning 
detector 1 laterally. The aV offset for a horizontal scan of 
the gradient was run as a function of the wave plate rotation. 
Figures 4-31 and 4-32 are the results for these two conditions. 
In Figure 4-31, the magnitude of the monopolarity pulse is 
plotted versus twice the half wave plate rotation. In Figure 
4-32, the magnitude of the positive and negative portions of 
the S-shaped pulse are plotted versus twice the wave plate 
rotation. Figure 4-33 is a plot of the AV offset for a verti- 
cal scan of the gradient versus twice the wave plate location. 
The polarization direction appears to effect the monopolarity 
pulse amplitude and this same polarity component when detector 
1 is adjusted for an S-shaped pulse. It appears that if a 
larger portion of the incoming radiation were linearity pola- 
rized that this portion of the aV offset could be adjusted to 
zero. For the vertical scan case (Figure 4-33) where the ini- 
tial offset is small, the rotation of the plane of polarization 
does cause the aV offset to go through zero offset. 
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Figure 4-31 aV Offset Versus Polarization Rotation, Horizontal 
Scan, Monopolarity Pulse 
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Figure 4-32. aV Offset Versus Polarization Rotation, Horizontal 
Scan at Shape Pulse 
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Figure 4-33. aV Offset Versus Polarization Angle, Vertical Scan 


At this point, tests on the unit were stopped to convert to the CO con- 
figuration to persue the investigation for CO mode operation. 

The brassboard was configured for CO operation with the PbSe detectors 
as follows: 


Branch 

Function 

Detector S/N 

SI 

AV 

003 

S2 

Comnon 

006 

S3 

AV' 

004 


The optics and detectors were aligned and the detectors were positioned 
laterally and vertically to minimize gradient response. Blackbody response 
tests and gas response tests were performed as described in Section 4.2.4. 

After a series of CO gas tests were performed, the detectors were 
realigned laterally and vertically for maximum outputs and the gradient 
response for horizontal and vertical scans were measured. Figure 4-34 
shows the aV, aV', and V outputs for these tests. The horizontal gradient 
scans were made utilizing the motor driven rotary table. The vertical 
scans were made by manually scanning an ambient temperature plate over the 
heated plate, resulting in more irregular scans than the horizontal scans. 

The beams at each field lens were checked to verify that the energy 
was centered and that no vignetting was occurring. With the *ield lenses 
centered and the detectors aligned for maximum signal, it was hypothesized 
that the gradient response might be caused by a combination of field lens 
distortion and detector nonuniformities. In order to test for detector 
uniformity, a collimated chopped point source was utilized to illuminate 
the objective lens of the brassboard and a 3.81 mm slit was manually 
scanned across the objective lens. A lock-in voltmeter was used to mea- 
sure the response for each leg of the instrument. Figures 4-35 and 4-36 
show the responses for a horizontal scan of a vertically oriented slit and 
for a vertical scan of a horizontally oriented slit. 

In order to verify that detector nonuniformity affects the instrument 
gradient response, the detectors in S-l (S/N 003) and S-3 (S/N 004) were 
interchanged, the detectors aligned for peak output, and slit responses 


4-48 




HORIZONTAL SCAN 




Gradient Response 


4-49 




4-50 


se, Horizontal Scan 

















were again taken. Figures 4-37 and 4-38 are the responses with the detec- 
tors interchanged. Figure 4-39 shows the gradient response for the detec- 
tors in the channels indicated for Figures 4-37 and 4-°3. 

The conclusions of these tests were: 

1) The nonuni form slit responses of the channels are created 
by the spatial nonuniformity characteristics of the 
detectors. 

2) The gradient response is substantially altered by inter- 
changing the detectors. 

3) A major contributor to the cause of the gradient response 
in the CO configuration is the interaction between the 
detector nonuniformities and the image distortion caused 
by the field lenses. 

The five available PbSe detectors were mounted in the MAPS brassboard 
(three at a time) and the zonal uniformity was measured using a slit at the 
entrance aperture of the sensor. From these measurements two detectors were 
found to be fairly uniform, especially in the horizontal axis. Figures 4-40 
and 4-41 show slit scan response of these two detectors in the horizontal 
and vertical directions. 

The two most uniform detectors were then installed with S/N 007 in S-l 
(aV), S/N 003 in S-2 (reference) and a nonuniform detector, S/N 004 in S-3 
(aV'). The resulting aV gradient responses were 1.7 volts and 0.8 volts in 
the horizontal and vertical axes. Earlier tests with the nonuniform detec- 
tors showed aV gradient step responses of 2.4 volts and 6 volts in the verti- 
cal and horizontal axes when the detectors were aligned for peak signal 
response. In terms of percent imbalance, the results for the two cases are 
listed below: 




Horizontal 

Vertical 

Case 

Detectors 

Gradi ent 

Gradient 

1 . 

Nonuniform 

4.4% 

1.9% 

2. 

Uniform 

0.6% 

1.3% 


As expected, the major improvement was in the horizontal axis where 
the detectors are most uniform. 
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Figure 4-38. Slit Response, Vertical Stun Detectors 
in S-l and S-3 Interchanged 
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Figure 4-40. Horizontal Slit Response for PbSe Detector^ 
S/N 003 and S/N 007 
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Figure 4-41. Vertical Slit Response for PbSe Detector S/il 003 
and S/N 007 




A potential cause of gradient response is misalignment of nonunifor- 
mities of lens coatings, resulting in different responses at different field 
angles. Because the field of view response for the CO configuration is dome- 
shaped, centering errors may cause gradient response effects. In order to 
test this hypothesis a set of measurements were made using the two uniform 
detectors, a reduced aperture stop, and both full and reduced field stops. 

The reduced aperture stop prevents detector spill -off and the reduced field 
stop prevents vignetting at the field lens or at the windows of the PbSe 
detector. For these tests, the S-l field lens assembly was moved laterally 
and gradient responses were measured. The results of these tests are sum- 
marized in Figure 4-42. The shape of the gradient response for a step in 
radiance and for a slit radiance are shown. Amplitudes are in equivalent 
percentage gain error. The reduction in gradient response with the S-l 
field lens assembly offset 1.27 mm suggests that the lenses or the axis 
and symmetry for the anti -reflection coatings on the lenses in S-l and S-2 
were slightly decentered. 

A number of tests were run as a function of detector lateral position 
with the full aperture step and with a reduced field stop. For these tests 
the S-l assembly was centered so that the contribution due to lens coating 
decentering is present. The results for four positions of the S-l detector 
are summarized in Figure 4-43. The slit responses are shown with a scale 
twice that of the step responses. During these tests, detector 1 vas also 
moved in the Z direction (focus) and it was verified that the detector was 
at best focus for the previous tests. 

In summary, the gradient tests in the CO mode resulted in the following 
conclusions. 

Three different mechanisms for gradient sensitivity were identified; 
they are: 

1) Lens/coating misalignment 

2) Detector nonuniformity and field lens distortion 

3) Detector spill off and field vignetting. 

By reducing field stop aperture stop dimensions and moving field 
lenses, the step gradient response to a 50K step can be reduced to about 
0.2 percent of the V signal or about 30 NENs. 
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Figure 4-42. CO Configuration Gradient Sensitivity to Field Lens Position 
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Figure 4-43. CO Configuration Gradient Sensitivity to Detector Position 



At this point, the brassboard was converted back to the NHg mode for 
further gradient sensitivity diagnostic tests. 

It was anticipated that the mechanisms causing sensitivity to source 
gradients would be the same for the NHj configuration as for the CO config- 
uration, but that the magnitudes would be less. 

The first tests conducted after reconfiguring the unit were to deter- 
mine the spatial response uniformity of the pyroelectric detectors. Slit 
responses with a slit at the entrance aperture of the optical head were 
measured for each detector channel. Figures 4-44 and 4-45 show the results 
for horizonta 1 and vertical scans. As expected, these detectors appeared 
much more uniform than the PbSe detectors. 

To determine the contribution of detector nonuniformity to gradient 
response, detectors in channels S-l and S-3 were interchanged. Figures 4-46 
and 4-47 show responses to a step gradient for horizontal and vertical scans 
before and after detector exchange. Since the gradient response stayed with 
the channels and not with the detectors, the detectors appeared to contribute 
little to the response. The small change in vertical scan gradient output 
in the aV' channel was probably due to the detectors. 

For the longer wavelength of the NH^ configuration, the coatings 
on the ler, s were expected to provide better transmission uniformity 
than at tht .0 wavelength. To check this expectation, a series of 
tests were run with reduced aperture and field stops. The latera 1 position 
of the S-l assembly was varied and gradient response measured. Figure 4-48 
shows the magnitude and general shape for slit and step gradient responses 
for these tests. As expected, the effects of nonmatched iens transmission 
that occurred in the CO configuration were not observed. These tests 
with reduced aperture and reduced field also insured that detector spill- 
off did not occur, indicating that the residual gradient response was 
not due to spill -off. 

Case 4 in Figure 4-48 was measured with the detector positioned for 
minimum gradient response. In this position, apparently a small amount of 
detector spill-off at one edge of the field partially balanced other 
sources of residual gradient response. 
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Figure 4-48. Gradient Responses for Reduced Aperture and Field 



' Vignetting at the field lens or detector window was not believed to 
contribute to gradient response. Measurements of optical bundle clearance 
at the field lenses consistently indicated adequate margin. The windows 
for the pyroelectric detectors are large and close to the active detector 
element. To verify that the gradient response was not caused by field 
lens vignetting, tests were run with full aperture and with full and two 
sizes of reduced field. Figure 4-49 indicates the results of this test. 

As can be seen the gradient response at full field was less than for either 
of the reduced fields. This was given apparently due to balancing of two 
or more causes of residual gradient response. 

Polarization of the input radiance by the beam combiner was expected 
from analytic models to contribute to gradient response. The magnitude 
of the effect is dependent upon the change in polarization with changing 
field angle. To test for this effect, a half wave plate was introduced 
just behind the aperture stop. The wave plate was rotated through several 
angles and horizontal slit and step and vertical step gradient response 
was measured. Figure 4-50 shows the results of this test. The structure 
in Figure 4-50 could be due to random noise. In any case, polarization 
appears to cause less than 0.1 percent balance offset effect. 

In summary, the residual gradient response appeared to be the result 
of imperfect balancing of second and third order effects. The results for 
full aperture and full field stop as shown in Figure 4-49 and for reduced 
aperture and reduced field as shown in Figure 4-48 are essentially iden- 
tical. For both of these cases, detector position effects, probably due 
to detector spill-off, were used to partially balance other effects which 
appear to be about 0.4 percent balance offset. 

4.2.4 System Functional Tests 

This section describes functional tests of the EOM subsequent to 
optical alignments and adjustment for minimum gradient response. Since 
it was found that reduced apertures and field stops tended to reduce the 
gradient response, as discussed in Section 4.2.3, data is presented for 
the baseline condition and for various cases of reduced aperture and 
field. Functional tests of the EOM include: 

• Response to uniform blackbody targets as a function of 
target temperature. 
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Figure 4-49. Reduced Field Stop Effects 
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• Bandwidth measurement 

• FOV measurement 

• Response to spatial sten change in radiance level 

• Response to temporal step change in radiance level 

• Gas response tests with simulated pollution signals 

• Stability tests over two-day periods. 

For convenience, tests for the CO and NH^ modes are described separately. 
4. 2.4.1 CO Mode Test Results 

Table 4-1 summarizes the performance the EOM in the CO mode. Addi- 
tional data is provided in the following paragraphs. 

The blackbody response of the instrument provides radiometric 
calibration of the V, aV, and aV' output channels. It may be noted 
from the discussion of EOM electronics design that the ratiomctric 
calibration of and aV' is always 22.5 times that of the V (radiometer) 
channel, fixed by the gain of the difference amplifier. During system 
tests of the EOM, preamp gain changes affecting calibration were performed 
at various times to acconvodate detector substitutions, field and/or 
aperture changes, or gas cell removal /replacement. The preamp adjustments 
were performed to. (a) keep signal levels near nominal at the p'ream output, 
and (b) maintain open loop gain matching of the three branches within appro- 
^pproximately 20 percent. Thus, there is not a single unique blackbody 
calibration that applies for all test configurations. However, the effect 
of the gain adjustment is simply a linear scaling of signal levels including 
gas response and noise in the output. For the gas response curves included 
herein, the appropriate calibration data is provided on the curves. 

Figure 4-51 shows a typical result of blackbody response measurements 
for the EOM. The variation from null of the aV and aV' outputs is due partly 
to the interaction of source spectral cnanges with the absorption spectra 
o. the gas cells. Other factors include nonlinearity 4 n the AGC loop analog 
multiplier, electrical frequency response differences between the three 
branches, spectral slope mismatch betwee 1 ' branches, and dc offsets in the 
output electronics. The shapes of the a V and a V* curves may vary somewhat when 
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Table 4-1. MAPS EOM Performance, CO Mode 


Test Parameter 

Full c ield. Aperture ’ 

Reduced Field, Aperture 

NEN, w/sr cm 2 



aV at T s = 300 K 

6.49 x 10" 9 

1.10 x ID' 8 

aV at T $ = 350K 

7.09 x 10* 9 

1.26 x 10' 8 

aV at 7 s - 30CK 

7.39 x 10‘ 9 

1.33 x 10' 8 

aV' at T $ = 350K 

8.06 x 10' 9 

1.43 x 10' 8 

2 

Dynamic Range, w/sr cm 



AV, aV' 

+7.5 x 10" 6 

+9.5 x 10‘ 6 

V channel 

0 to 1.9 x 10' 4 

0 to 2.4 x 10' 4 

Bandwidth, Hz 

0.14 

0.14 

Field of View, degrees 

4.33, diam. 

3.57, diam. 

Clear Aperture, run 

29.4 x 29.4, square 

27.2 x 27.2, square 

2 

Calibration, V sr cm /w 



AV, a V' 

1.34 x 10 6 

1.05 x 10 6 

V channel 

5.95 x 10 4 

4.69 x 10 4 

Gradient Response to 

2 

50K Step, w/sr cm 



aV Horiz. 

2.6 x 10' 7 

2.8 x 10' 7 

aV Vert. 

1.9 x 10‘ 7 

3.8 x 10"' 

aV' Honz. 

3.4 x 10‘ 7 

4.2 x 10" 7 

aV’ Vert. 

3.1 x 10* 7 

2.8 x 10" 7 
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Figure 4-51. Blackbody Response, CO Mode, Full Aperture and Field 



preamp gains are adjusted or when detector temperature set points are 
changed. However, if the instrument is rebalanced for the same pair of 
temperatures after each change the shape changes are relatively small. 

Figure 4-52 shows the variation of rms output noise over Jie full 
range of source temperatures for the CO system. A slight noise increase 
at high and low source temperatures is present, as expected from the AGC 
loop analysis. 

Figures 4-53 and 4-54 show gas response of the EOM in the CO mode for 
the nominal aperture and field and for the reduced aperture and field case. 

In each case the mixture in the GSU test cell was 0.315 percent CO at all 
times, and the total pressure was varied to measure instrument response. 

A stability test over a period of two days' time was performed to 
measure balance drift. T he V, aV, and aV outputs were recorded during 
the test, with the instrument viewing a 350K test target. Samples of 
the recorded data are shown in Figure 4-55. No perceptible output drift 
was observed. 

The EOM bandwidth was measured by recording responses to a step change 
in the V, aV, and aV' signals. The response showed perfect agreement with 
design analysis, based upon a double pole break at 0.227 Hz. In reviewing 
the test data, it was found that the terms "bandwidth" and "comer frequency" 
had hepn used interchangeably throughout the program in a somewhat ambiguous 
fashion. It was decided to eliminate confusion by using the standard 3 dB 
response point as the definition of bandwidth. Using this criterion, the 
EOM bandwidth is 0.14 Hz. 

A temporal response test was performed by abruptly covering and 
uncovering the EOM entrance aperture with a cool plate while directing 
the FOV toward a 350K target. While the V channel output varied from 
0 to 6 VDC as the aperture was uncovered, the aV and aV‘ outputs showed 
a change of only 2 NENs. Similar test results were obtained in the 
NH^ mode. The small changes observed are believed to be due to small 
differences in frequency responses of the three branches, and could 
be further reduced by trimming. However, since a 50K step change 
in input radiance far exceeds worst-cas- ooerational transients, no 
improvement is required. 
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Figure 4-52. RMS Noise versus Source Temperature! 

CO Configuration* Full Aperture and Field 



OUTPUT, VOLTS 


TEST MIXTURE - 0316* CO. BALANCE N^ 2B8°K 
PATH LENGTH - 30 CM IN MIXTURE 


T S -380°K 



T S -3S0°K 
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Figure 4-54. CO Gas Response, Reduced Aperture and Field 
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Two problems of a mlcrophonic nature were encountered during final CO 
system tests. Both appeared to result from vibration of the optical head 
by the chopped motor assembly. The chopper blade was statically balanced 
by adding mass to the rotor shaft. Although this did reduce motor vibration 
It did not eliminate the noise. 

The first source of noise was traced to several ceramic-capacitors on 
the preamplifier boards. These capacitors are used to decouple the 100- 
volt detector bias supplies. These capacitors were found to be microphinc 
by nature, i.e., they had not failed. An analysis of the filtering provided 
by the capacitors versus other filtering in the electronics processing cir- 
cuits indicated that no degradation in noise performance would occur if 
these capacitors were removed from the circuits. Therefore, these capaci- 
tors were removed from the breadboard preamplifier boards. 

The second noise problem was then encountered, also apparently related 
to the chopper motor. The detector- to- preamplifier input leads normally 
have a dc level of approximately 90 volts. This voltage is blocked from 
the preamplifier input by a coupling capacitor. The dc level was found to 
be modulated with a modulation amplitude and frequency related to chopper 
motor speed. In order to reduce the sensitivity to this noise input, the 
detector and load resistor were interchanged electrically. This produces 
a dc level at the preamplifier inout lead of about 9 volts instead of 90 
volts. This resulted in a reduction of excess noise to below normal system 
noise; however, it required changing phasing of the references for the demod 
ulation of the scene and reference signals. The breadboard electronics were 
modified and a phase controlling mode switch was added to the front panel 
to set phasing for either the NH^ or CO mode. 

4. 2. 4. 2 NHj Mode Functional Tests 

The functional tests for NH^ mode operation of the EOM closely parallel 
those of the CO mode, as described below. 

Table 4-2 sumnarlzes key performance parameters for the EOM in the NH^ 
mode. Figure 4-56 shows the instrument blackbody response for a typical 
case, and Figure 4-57 shows output noise versus source temperature for the 
same case. These data, and the gas response data of Figures 4-58 and 4-59 
were taken with the "retrofit" NH^ gas cells installed, providing a 5 per- 
cent NH« concentration in the aV' cell in place of the earlier 1 percent 
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Table 4 

Test Parameter 

NEN, w/sr cm^ 

aV at T $ = 300 K 

aV at T s = 350K 

AV' at T $ = 300 K 

aV' at T $ - 350K 

2 

Dynamic Range, w/sr cm 
AV, AV' 

V channel 
Bandwidth, Hz 

Field of View, degrees 

2 

Calibration, V sr cm /w 
AV, aV' 

V channel 

Gradient Response to 
2 

50K Step, w/sr cm 
aV Horiz. 
aV Vert. 

A V' Horiz. 

AV' Vert. 


2. MAPS EOM Performance, 
Full Field, Aperture 

1.47 x 10' 7 
2.69 x 10' 7 
1.01 x 10" 7 
2.13 x 10' 7 


+7 x 10" 2 * * 5 
0 to 2.7 x 10' 3 
0.14 
4.33 

1.39 x 10 5 
6.19 x 10 3 

1.8 x 10“ 6 

1.9 x 10 -6 
4.7 x 10' 6 
1.1 x 10' 6 


NH 3 Mode 

1 Re d uced Fiel d, Aperture 


+ 1.2 
0 to 
0.14 
3.57 

8.6 x 10 4 
3.8 x 10 3 

1.0 x 10“ 6 
0.9 x 10" 6 
1 .4 x 10‘ 6 
0.23 x 10‘ 6 


x 10' 4 
3.6 x 10 
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Figure 4-56. Blackbody Response, NH, Mode 
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Figure 4-57, RMS Noise versus Source Temperature, 
NH, Mode Full Aperture and Field 
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Figure 4-58 AV Channel Gas Response, Full Aperture and Field NH-, Mode 
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Figure 4-59. aV' Channel Gas Response, Full Aperture and Field 




concentration. Data obtained using the original gas cells and a higher 
concentration NH^ mixture in the GSU test cell are presented in Figures 
4-60 and 4-61 . 

Balance stability tests were conducted for a two-day period to measure 
balance drifts in the NH^ mode. Figure 4-62 shows a sample of the test data 
at the start of the test. No perceptible drift was noted during the dura- 
tion of the stability test. 

Tests of bandwidth and step changes in input radiance level were mea- 
sured in the NH^ mode. The results were essentially identical to results 
obtained in the CO mode tests. 

4.2.5 Flight Evaluation Tests 

The MAPS Electro Optical Model (EOM), consisting of an optics head, a 
breadboard electronics unit, and a power supply drawer was integrated into 
a NASA-owned Cessna 402 at Ames Research Center. The MAPS unit, along with 
peripneral test equipment and other i nstrumentati on , was flown on a total 
of five flights; short checkout flight from Moffett Field and a total of 
four evaluation flights from the Torrance Municipal Airport, California. 

The purpose of the flights was to evaluate the NAPS EON performance in 
an aircraft environment, in particular to evaluate the response to back- 
ground radiance variations. Two of the four evaluation flights were made 
without gas cells in the MAPS EOM in order to evaluate the response to 
background radiance variations without accompanying gas response. Two of 
the flights included gas cells (35 percent CO and 10 percent CO) to deter- 
mine that the MAPS EOM could indeed sense pollutants (CO in this case) in 
e atnosphere. The gas measurements were qualitative only, in that 
atmospheric model data was not determined for the particular flights. 

The flight tests indicated that the background increased the effective 
noise out of the aV and AV' channels. This increase was on the order of 
2 to 4 times the normal peak to peak noise with a few responses of about twice 
this amount. For the tests with gas cells installed in the MAPS EOM, 
the gain of the strip chart recorder had to be reduced to avoid satura- 
tion due to gas detection to a point where normal AV and aV' noise and 
background noise was essentially not noticeable without more sophisticated 
data reduction than was done for this report. 
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NH 3 SYSTEM GAS RESPONSE - AV (ORIGINAL GAS CELLS) 


TT°C SOURCE 


4 


AV GAS CELL - 20% NH 3 



PRESSURE OP MIXTURE « SO CM ABSORPTION CELL, TORR 


Figure 4-60* aV Channel Gas Response for 0.99 Percent NH- 
Test Mixture 

NH j SYSTEM GAS RESPONSE - AV* (ORIGINAL GAS CELLS) 


GAS MIXTURE • 099% NHj, 9% NE. 9*% Nj 

RADIOMETRIC CALIBRATION: I VOLT A V - 7 X 10 * 6 H/SROI 2 AN 

INSTRUMENT TEMPERATURE - 300°K 
GSU CELL TEMPERATURE - 2S°C 



PRESSURE OP MIXTURE IN SO CM ABSORPTION CELL TORR 


Figure 4-61. a V* Channel Gas Response for 0.99 Percent NH-> 
Test Mixture 6 
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Figure 4-62. Sample of NH^ Mode Balance Stability Test Data 
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Under vibration conditions, such as when the airplane was in a power 
climb, the A¥ and AV* noise was noticeably increased for the flights with- 
out gas cells. A laboratory investigation at the conclusion of the flight 
tests identified several ceramic capacitors in the PbSe detector bias supply 
which were microphonic. The capacitors were replaced with metal ized paper 
capacitors and no further vibration - shock induced output could be found 
in the laboratory. 

Figure 4-63 is a view of the aircraft. Figure 4-64 shows the MAPS 
head installation. Also visible are the precision radiometric thermometer 
{PRT} head, calibration gas cell and balance sources. Figure 4-65 shows 
the electronics rack. "The equipment in the rack, "from bottom to top, is 
the MAPS power supply, MAPS electronics assembly, MPF strip chart recorder 
and PRT control unit. 
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Figure 4-63. Cessna 402 
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Figures 4-66, 4-6 7, as 
AVandUV*. Figure 4-66 si 
off. Figure 4-67 shows ou 
no gas cells installed in 
was not performed, it is e : 
CO abundance with a signal 


shortly after takeoff of the Flight l with 
MAPS EOM, Although quantitative data reduct 
fit that the instrument provides a measure of 
noise ratio In the vicinity of 50:1. 


4.2.6 Final Modifications 


Several modifications to the EOM were performed subsequent to the 
flight evaluation tests: 

1} The vibration problem noted in Section 4.2.5 was traced to 
microphonic effects of ceramic capacitors C9» Cl 1 * and C12 
in the Electronics Unit. The problem was corrected by 
replacing the ceramic capacitors with piper capacitors. 

2) A new set of gas cells was built and installed with shut- 
off valves to provide a capability for refilling the cells 
to vary mixtures and pressures. 


The new gas cell bodf 
with 1/4- inch steel fill t 
windows were cemented in p 
outgassing and room temper, 
problems. Leak tests of t! 
helium leak rates <3 x 10" 
verify that the cells couli 
pheres Cone atmosphere exti 


iere machined from type 304 stainless steel, 

, vacuum brazed in place. The sapphire 
; using Lefkoweld epoxy, selected for low 
•e curing to avoid differential expansion 
: cells fabricated in this fashion showed 
;c/ $«.c, A bond strength test was performed t 
thstand an internal pressure of 2.5 atmos- 
1) without leakage or failure. 

ccept one of the gas cells in the $2 optics 
V ' channels. This required relocating the 
tector assembly, and preamp to provide room:: 
ver was fabricated to house the relocated 
EOM head with relocated components, prior 
cells and valves (note holes in baseplate 
ns). 



Time a* 5 mm/mi n 



5 mv/mm 5 mv/mm 50 mv/ms 

Figure 4-66. Strip Chart Outputs for V» 4V* and 4V' 
Prior to Flight 1 
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Figure 4-69, EOM Head After Beam-Splitter and Detector 
; Relocation 

The new gas cells were installed and connected with teflon vacuum 
tubing to individual shutoff valves mounted on the Head rear plate. The 
unit was retested and adjusted to minimize gradient response, and the 
blackbody response test was repeated. Results were found to be comparable 
to test results with the original cells and component mounting locations. 
Final radiometric calibration with the new cells installed unfilled and 
preamp gains set for approximate open-loop balance gave the following results 

Ry = 6.3 x 10^ v sr cnfVw 
R, v .y , = 1.41 x 10 6 v sr cm'Vw. 
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4.3 COMPONENT DEVELOPMENT AND TEST 


During the MAPS Program, significant experience was gained in the 
procurement and application of pyroelectric and PbSe detectors, and in 
the fabrication of gas cells. The key results of this experience are 
described in the following sections. 

4.3.1 Pyroelectric Detectors 

Three areas of concern at the start of the MAPS program were resolved, 
in part, by experience with pyroelectric detectors procured for the MAPS 
EOM: 

1) Establishment of reasonable D* expectations for TGS detectors. 

2) Establishment of test methods and realistic requirements for 
microphonic sensitivity. 

3) Establishment of TGS detector performance change at lower than 
ambient temperature. 

Five TGS pyroelectric detectors were procured for the MAPS EOM, 
providing two spares. All of these detectors were 2 by 2 mm 
active area, designed to operate in the region near 11.1 pm wavelength 
at a chopping frequency of 23.4 Hz. The detectors were supplied by 
Barnes Engineering Co. Table 4-3 summarizes the test data measured 
for the five units. 

All of the detectors exceeded the D* requirement by substantial 
amounts. Responsivity values were found to be quite uniform. Performance 
degradation at 280K was found to be relatively modest, with D* values still 

exceeding the 298K requirement with only a single exception. Considerable 
spread was found, however, in microphonic sensitivity. 

The first three detectors received were tested at TRW under typical 
operating conditions and were judged acceptable despite the fact that 
none met the letter of the specification for all vibration frequencies. 

The two spare units, S/N 12157 and S/N 12279, were tested when received 

and found to be unusable even under benign laboratory conditions. Discussions 

with Barnes indicated that a manufacturing error had occurred, causing the 
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Table 4-3. Pyroelectric Detector Data Summary 



4-95 


density at 23.4 Hz with no vibration. 

Note (2): Values before and after slash marks correspond to test data before/after rework. 


TGS flake to be inadequately bonded to the base. The two detectors were 
returned to Barnes and reworked, resulting in microphonic sensitivity 
comparable to the first three units. 

Detector S/N 12142 was significantly superior to the other four 
units in waveform appearance during system tests, in the presence of 
random shocks and vibration. The variations in microphonic sensitivity 
are believed to be related to detector flake mounting resonances. 

4.3.2 PbSe Detectors 

Five cooled PbSe detectors were prorured for the MAPS EOM, providing 
a complete instrument complement plus two spares. The detectors were 
2 by 2 mm in size, designed to operate at 4.66 ± 0.08 pm wavelength and 
172 Hz chopping frequency. The detectors were to be thermoelectrically 

cooled to 195K from a 295K heat sink temperature. Key specifications for the 
PbSe detectors were the following: 

• Cooling from 295K base to 195K at the detector flake with 2 watts 
power or less 

• D* ^ 1.2 x 10^® cm Hz^/w at 4.7 pm wavelength, 172 Hz chopping 
frequency 

• Relatively small envelope size, witi. pins located at the mounting 
base. 


The detector vendor elected to procure thermoelectric coolers from two 
coo'ur manufacturers to maximize the probability of meeting the difficult cooler 
efficiency specification. The selected coolers were a three stage design 
with excellent efficiency. Typical power consumption to achieve the rated 
100K cooling was less than 1 watt at a voltage of approximately 4 volts. 

The first three detectors were tested in the EOM approximately 
three weeks after delivery. It was found that the cooling efficiency had 
degraded due to vacuum loss in the detectors. 
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The vacuum was restored by refiring the getters, but subsequent operation 
showed that the vacuum continued to degrade such that ref 1 rings were 
necessary at Intervals of 1 to 3 weeks. Considerable spread in degradation 
rates were noted for the three units. These tnree units had been vacuum 
baked for 1 to 2 days before sealing. 

The vendor suggested that outgassing due to inadequate initial 
bakeout was the probable cause. By the time the problem was discovered, 
one of the spares had been sealed using essentially the same bakeout proced- 
ure. It was decided to increase the vacuum bakeout time for future units, 
retubulating the original units and providing a longer evacuation time. 

A lengthy process ensued, returning detectors to -he vendor 
as spares were received to maintain three working units for system testing 
at TRW. Bakeout times of 5 days and then 10 days time were tried, at temp- 
eratures of 383K and 398K. Frequently, detector D* values dropped during 
bakeout and failed to recover sufficiently to be usable, requiring replace- 
ment of the PbSe flake and repetition of the bakeout. One cooler failure 
occurred during detector rework and was returned to the cooler vendor for repair. 
Two units were rejected by the detector supplier's quality control inspector just 
prior to shipment, one for bubbles in the window seal and the other for a 
badly disfigured internal lead. Several meetings were held to review data 
and determine corrective action. A spare detector base was cross-sectioned 
at TRW to examine the construction of feedthrough pins, which were built and 

installed by the detector supplies. The conclusions after almost a year of such 
activity are summarized below: 

1) Outgassing, rather than leakage of the detector package, was 
the source of vacuum degradation. Helium leak checks prior 

to sealing and during rework never disclosed any sign of leakage. 

2) Increased bakeout time of 10 days significantly reduced the rate 
of vacuum degradation. After 10 days' bakeout the interval 
between getter firings was increased to approximately 6 weeks, 
varying by a factr of two between various units. 



3) The cross-sectioned base disclosed no evident fracturing of 
glass to metal seals, but showed a great deal of voiding in 

the solder used for installing the Kovar-sleeved feedthroughs into 
the copper base. This is a particular area of concern because 
an activated (acid) flux was used and could not have been thoroughly 
removed in cleaning due to the fissures and voids in the solder. 
Thus, chemical action of the flux is a potential source of 
outgassing. 

4) The choice of 383K or 398K for bakeout showed little correlation 
with subsequent results, either in vacuun stability or detector 
D* loss. 

In retrospect, the evacuation path for the detectors was not well 
designed. Evacuation was performed through a 1.27 mm diameter tubular 
hole, with an abrupt 90-degree turn in the pedestal beneath the cooler 
base. This labyrinth path greatly increases the time required to achieve 
a hard vacuum inside the housing. 

Recommenuations for future procurement of similar detectors are the 
following: 

1) Significantly increase the size of the tubulation aperture 

2) Use commercially manufactured feedthrough pins installed by brazing 

3) Avoid all use of activated solder flux 

4) Use a larger, more active getter 

5) Use at least 5 days' vacuum bakeout at 383K or above 

6) Provide relaxation of package envelope constraints as necessary 
for items 1 and 4 above. 
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4.3.3 Gas Cells 

The gas cells for the MAPS Program were manufactured in two batch lots, 
the first for EOM brassboard use and the second for life tests and spares. 
Substantial improvement in cell quality and yield was achieved in the second 
batch lot, although some problems remained. However, the final cells pro- 
duced for the program successfully met all goals and »*equirements. The sec- 
tions below summarize problems encountered during gas cell manufacture and 
recommendations for avoiding recurrence of these problems. 

The cell manufacturing process consists of the following steps: 

1) Fabrication of pyrex cell bodies 

2) Vacuum deposition of Ti/Au metal ization on zones of bodies and 
window 

3) Electroform plating of Au and then Ni to seal and clamp windows 
onto the bodies 

4) Leak testing 

5) Fill and seal of fill stem 

6) Post fill IR scan and leak check. 

Fabrication of cell bodies includes: attachment of fill stems in a 

glass shop; cutting bodies to final length and polishing faces optically 
flat; and chamfering edges to match window chamfers. In general, the cell 
body fabrication was highly successful. However, two cell failures during 
the course of the program (out of a total of approximately twenty cells produced) 
may have been related to residual stress in the glass near the fill stem 
bases. Therefore, it is believed that annealing the bodies before final 
polishing would be beneficial. 

Two problems occurred during vacuum deposition of Ti/Au on the windows 
and bodies. First; poor adnesion occasionally occurred due to improper 
cleaning of the windows and/or fixtures used for clamping parts in the 
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bell jar. Second* difficulty was encountered In obtaining good adhesion 
of deposited metalization near the fill stem base of the body. Initially, 
this was ascribed to shadowing from the stem. Increased deposition 
thickness and different fixturing techniques were tried without success. 
Finally, the problem was corrected by sandblasting the problem area to 
remove the surface glazing produced in fusing the stem onto the body. 

Numerous problems occurred in the electroform plating process, as 
summarized below: 

1) Plating personnel, inexperienced in handling optical parts, 
frequently mishandled the cells during loading of the plating 
fixtures causing scratches and blemishes on coated surfaces. 

2) The gold plating did not bridge the chamfer gap at the window/ 
body interface on some cells. 

3) Excessive stress levels in the plated nickel occurred on some 
cells. 

4) Delays were encountered due to plating bath chemistry control. 

5) The plating fixture developed a leakage path permitting the Ni 
plating bath solution to seep onto the coated window surfaces. 

Handling problems were corrected during the second cell manufacturing 
batch lot by having all fixture loading and cell cleaning performed by 
trained optics technicians. The plating fixture was redesigned to prevent 
leakage and to Prevent rotation of the neoprene sealim gaskets against 
the windows during loading. 

Nickel plating stress levels were monitored before each cell plating 
run by plating a small amount onto a spiral contrac tome ter. Plating 
parameters (chemistry, temperature, and supply current) were adjusted 
to maintain the desired compressive stress level. 

Bridging of the gold plating proved to be the most difficult problem 
to correct. The largest single factor was the size and angle of chamfers 
on the bodies and windows. A 0.010-inch chamfer at 45 degree angle was 
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originally specified. The sapphire and coated germanium windows initially 
procured had significant chamfer size variations, eccentricity, and chips 
up to 0.13 mm. The gold plating had insufficient "throwing power" 
to plate into the 90 degree "V" groove produced by the mating chamfers 
of the bodies and windows. 

For the second batch lot of cells, the original sapphire windows were 
replaced with new windows having a 0.076 mm, 30 degree chamfer with 
better eccentricity control. Bodies were made to match, resulting in a 
shallower V groove with a 120 degree included angle. This provided 
much better bridging of the gold. During the plating process, all 
sapphire window cells with the new chamfers appeared to bridge completely 
with 0.005 inch of gold plating. 

For the Ge window NH^ cells, window replacement was considered 
impractical due to the long lead time required. To improve bridging, 
the body chamfers were changed to a 30 degree angle and additional gold 
thickness was applied during the second batch lot fabrication. After 

0.41 mm of gold plating, about one-half of the cells still showed 
signs of incomplete bridging. These cells were subsequently sealed by 
Ni plating, since at that time no evidence of chemical reaction between 
NH^ and Ni had been observed. 

A secondary factor in the gold bridging problem was control of 
plating both parameters. Organic contamination of the bath caused an 
estimated factor of two reduction in throwing power. Excessive ripple 
in the current supply caused further reduction of throwing power. During 
the second batch lot, the gold bath was completely replaced with a fresh 
solution and the power supply was replaced. Quantitative monitoring of 
throwing power was subsequently performed by periodically measuring plating 
thickness ratios on the inner and outer surfaces of a curved test fixture. 

For the first batch lot of cells, the incidence of leakage during 
pre-fill leak tests was approximately 50 percent. This low yield is 
believed to be chiefly the result of poor adhesion of deposited metal ization. 
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The two CO cells first built for the EOM developed an anomalous absorption 
line at 4.82 pm wavelength. This was determined to be due to the 
formation of Ni(CO)^, resulting from nickel coming in contact with the 
fill gas. Fortunately, the reaction caused no significant change in 
performance of the EOM. The NH 3 cells built for the EOM were found to 
be chemically stable, but these cells had numerous scratches and blemishes 
on the coated Ge windows. 

The second batch lot was built to provide cells for spares or retrofit 
in the EOM plus four life test cells. The yield in hermetic sealing 
improved to approximately 75 percent. The problem of scratches and 
blemishes was corrected. However, two of four CO cells produced developed 
traces of Ni(CO)^. It is believed that the gold bridging, which appeared 
to be complete during visual inspection before Ni plating, was not 
complete. A better inspection technique, perhaps including a helium leak 
check, appears to be necessary before Ni plating. 

A new problem occurred during 358K storage life tests of the 
NH^ cells. The NH^ decomposed to Ng and due to the combination of 
temperature and contact with nickel, acting as a catalyst for the reaction: 

2 NH 3 N 2 + 3 H 2 

This problem occurred for the 5 percent NH 3 cell, but not in the 20 percent 
NH 3 cell. The reaction above does not occur at normal equipment operating 
and storage temperatures, and is therefore not a significant concern. 
However, solving the gold bridging problem by the same techniques described 
for the CO cell fabrication would prevent the reaction from occurring 
even at high temperatures. 

Figure 4-70 shows a gas cell in the plating fixture ready to being 
gold plating. Figure 4-71 shows a CO gas cell after plating, mounted 
in a fixture for filling. Pre-fill helium leak tests were performed as 
shown in Figure 4-72. The fill station used for filling the MAPS gas cells 
is shown in Figure 4-73. Gas mixtures for filling the cells are to the 
right of the thermal chamber. The cells in their fill fixtures are mounted 
in the chamber for pre-fill vacuum bakeout. At the left are the controls. 
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Figure 4-70. Gas Cell in Plating Fixture 
Before Plating 



Figure 4-71. CO Gas Cell in Filling Fixture 



Figure 4-73. MAPS Gas Cell Fill Station 
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pressure and temperature transducer readouts, vacuum equipment, and partial 
pressure analyzer. Figure 4-74 shows a completed NH^ gas cell. 

Further description of gas cell life test procedures and results is 
provided in Appendix I. 



Figure 4-74. Gas Cell After Filling and Tip-Off 
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4.4 GSU DEVELOPMENT AND TEST 

The Ground Support Unit (GSU) was originally built and tested at 
Barringer Research Limited, and later modified slightly at TRW. The activity 
at Barringer Research Is fully documented in Appendix F. 

Section 4.4.1 describes the GSU modifications performed at TRW. Sec- 
tion 4.4.2 summarizes the final performance parameters of the GSU. The BRL 
instruction manual for the GSU (issued prior to modifications below) is pro- 
vided as Appendix J. 

4.4.1 GSU Modifications 

When the GSU was delivered to TRW, the recommended coolant for low 
temperature operation of the absorption cell was methanol. For high 
temperature operation, methanol becomes excessively volatile so that 
replacement with an antifreeze mixture was recommended. The need to 
chance coolants represented an undesirable operating constraint, and 
steps were therefore initiated to eliminate the need to change coolants. 

The GSU coolant pump originally installed at BRL was a small 
centrifugal immersion pump. Using antifreeze and water in equal parts 
as a working fluid, the pump provided a flow rate of approximately 2 
liters per minute at room ambient temperature. At temperatures below 
275K, coolant flow virtually ceased due to the increased fluid viscosity. 

To improve the flow without changing to a lower viscosity fluid, it was 
decided to install a higher capacity pump and to increase the coolant 
tubing size from 6.35 mm to 9.53 mm diameter. 

A positive displacement pump of appropriate capacity, compatible 
with an antifreeze coolant mixture, was not immediately available. 

As an alternative, an Eastern Model D-ll centrifugal pump was obtained 
on consignment for trial use. This pump had much greater capacity 
than the original one, but proved to be unsatisfactory in several ways. 

It produced air bubbles, which accumulated in pockets in the absorption 
cylinder; it added excessive heat to the coolant; and the problem of 
large flow rate variation with coolant temperature persisted 
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When attempts to correct problems of the centrifugal pump failed, 
a special order positive displacement pump was procured as a replacement. 
This pump utilized a Liquiflo Series 34 gear pump driven by a 350 rpm 
gearmotor. The pump was equipped with a "lantern seal" feature, de- 
signed to prevent air leakage around the drive shaft from entering 
the cool out stream. The pump and gearmotor v/ere mounted to the GSU 
frame with shock isolators to minimize vibration coupling. A pressure 
relief safety valve was installed on the outlet side of the pump to 
prevent over-pressurization of the lines. With the 9.53 mm diameter 

p 

tubing installed, back pressure remained below the 1.4 kg/cm (20 psig) 
relief valve set point at all times. 

With the gear pump installed, operation of the GSU cooling system 
was generally quite satisfactory. The coolant flow rate was approxi- 
mately one gallon per minute, essentially independent of temperature. 

A mixture of equal parts antifreeze and water was found to be satis- 
factory over the complete range of coolant temperatures. No difficulty 
was encountered in priming the pump or in keeping air bubbles out of 
the coolant. 

The minimum temperature capability of the GSU with the new pump 
and coolant was found to be 256K, approximately the same temperature 
achieved with the original pump using methanol as a coolant. Although 
the original design specification was 240K, discussions with the NASA 
project scientist concluded that this deviation was acceptable. 

Additional modifications to the GSU after delivery to TRW are 
noted below: 

1) A second vacuum pump was procured and added to tne GSU for 
pumping the shrouds at either end of the absorption cell. 

This allows continuous pumping of the shrouds while the 
main system vacuum pump is used for evacuation of the mani- 
fold and/or absorption cell, simplifying operation of the 
equi pment. 
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2) Fiberglass thermal isolators with 0-ring seals were machined 
for use between the cell and the shrouds and in the main 
vacuum line to the absorption cell. These isolators were 
intended to reduce parasitic heat losses during low temper- 
ature operation of the absorption cell. 

3) A new 0-ring doubler plate was machined to correct a pressure 
leak at one of the absorption cell windows. The pressure leak 
was caused by a combination of cell flange warpage due to the 
welding of the cell combined with incorrect dimensions for the 
0-ring grooves. 

4) The absorption cell 6.35 mm diameter coolant inlet and outlet 
tubes were shortened from approximately 23 cm to 5 cm, 

to permit coupling to larger diameter tubing to reduce coolant 
back pressure during low temperature operation. 

5) A clearance hole was added in the GSU table surface, to allow 
the shroud evacuation tube to extend beneath the table when 
the blackbody source is turned 90 degrees for direct coupling 
to the EOM. 

Figure 4-75 shows a functional schematic of the GSU, revised to 
include the second vacuum pump for shroud evacuation. Figure 4-76 
shows the overall appearance of the GSU, with the EOM and auxilliary 
rack mounted test equipment on the right. Figure 4-77 shows a lower 
portion of the GSU with the two left front panels removed, showing 
the coolant reservoir (left), pump and gearmotor (center), and main 
vacuum pump (right) after modifications. Figure 4-78 shows a closer 
view of the GSU controls and displays. The top panel is a display of 
the pressure in the absorption cell, using the HKS capacitance mano- 
meter transducer. The next panel is a controller for the Eppley black- 
body source. Third from the top is a temperature readout display for 
the blackbody, displaying the temperatures of 5 thermocouple transducers 
located about the 15 cm diameter blackbody surface. The fourth panel 
is a display of temperatures at 9 points within the GSU absorption cell, 
plus a tenth position for monitoring coolant reservoir temperature. 
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GAS CYLINDERS 
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Figure 4-75. GSU Schematic After Modifications 








Figure 4-78. GSU Controls and Displays 

Valves for GSU operation, witn the exception of the ACG valve which is 
located on the center front panel below the table surface, are located 
on the control /display panel third from bottom. Power switches and 
circuit breakers are mounted on the panel second from bottom. The 
bottom panel contains a thermocouple vacuum gauge readout, with a 
switch to select either the manifold or the absorption cell transducer, 
and a controller for the absorption cell coolant reservoir. 

4.4.2 GSU Final Pe r forma nee Summary 

Table 4-4 presents a summary of achieved performance versus 
specifications for the GSU after the completion of all equipment 
modifications. The basis for determining actual performance para- 
meters is explained in the notes accompanying Table 4-4. 
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Table 4-4. Performance vs Specification 


i 

J 

1 

1 

■ Parameter 

Specification 
S.O.W. Para. 3.3.8 

Performance Achieved 

Blackbody Source 
Stabilization Time 

Less than 1 hour 

Less than 20 minutes 
(Note 1) 

Absorption Cell Purging 
and Recharge Time 

Less than 15 minutes 

7 minutes (Note 2) 

Blackbody Source 
Temperature Range 

240K to 350K 

232K to 354K (Note 3) 

Source Radiance 
Uncertainty 

Less than 0.25K 
equivalent 

0.22K for CO band, 
0.37K* for NH, band 
(Note 4) 

Source Uniformity 

Better than 0.2K 

0.1K (Note 5) 

Absorption Cell 
Optical Transmission 

Greater than 0.85, 
measured to 0.5* 
accuracy 

0.83* for CO band 
0.87 for NHo band 
(Note 6) 

Pressure Range 

Zero to 1 atmosphere 

<30 microns to 
>1 atmosphere 

Concent* ation Control 

2% or 0.005 torr, 
whichever is greater 

1% plus 0.03* torr 
(Note 7) 

Absorption Cell 
Temperature Range 

240K to 350K 

256K to 320K* 
(Note 8) 

Gas Temperature 
1 Measurement Accuracy 

Better than 0.5K 
after 5 minutes 
stabilization 

IK* (Note 8) 


* 

Performance does not meet specification 


Notes : 

1. The worst-case temperature change for the source is from 350K to 
240K. The source stabilizes within IK of the final value in less 
then 20 minutes for this case. After 10 minutes additional 
stabilization time, the control stability is 0.1K. 


2. The purge time for the cell is 4 minutes, based upon BRL test 
data presented in Reference 6. Recharge time is a function of 
fill conditions and operator skill, typically requiring 3 min- 
utes time. 








Table 4-4. Performance vs Specification (Continued) 

Notes (Continued) 

3. Data based upon BRL test data presented in Reference 6. 

4. The radiance uncertainty is a combination of temperature and 
emissivity uncertainties discussed in the Eppley Laboratory 
report. Reference 8. The temperature uncertainty is ±1K from 
calibration of the source thermocouples. The source emissivity 
is assessed to be 0.997 ± 0.003, based upon analysis and test 
measurements at Eppley. The combined effect in the two spectral 
bands of interest is given in Table 4-5. 

5. Based upon BRL test data presented in Appendix H. 

6. The cell optical transmission was measured using the MAPS EOM 
V-channel as a radiometer operating in the spectral bands of 
interest. The procedure for measurement was to cycle the source 
from 240K to 350K, monitoring the V-channel output while view- 
ing the source through the cell. This procedure was repeated 
with the EOM directly coupled to the source, removing the cell 
window transmission loss. Window transmission was calculated 
from the ratio of V-channel output swings for the two cases, 
where the same temperature extremes were repeated. The measure- 
ment accuracy for this technique is estimated to be slightly 
better than 0.5". 

7. The concentration control capability is a function of pressure 
transducer linearity and short term drift, and operator skill in 
pressure adjustment. The MKS pressure transducer is linear 
within <0.5% and has a drift rate <30 microns in 2 hours after 
warmup. Operation of the GSU during EOM tests showed that pres- 
sure settings within 0.5% were readily achieved. Table 4-6 
shows typical results achieved during EOM gas response tests. 

The composite concentration control is estimated to be better 
than 1% of the selected pressure, with an additional ±30 microns 
zero drift uncertainty. 

8. Table 4-7 presents absorption cell temperature data from the 9 
sensing thermocouples at high and low temperature extremes. The 
low temperature capability is limited by the refrigerator cool- 
ing capacity and system heat losses. The high temperature limit 
is established by the consideration that the germanium windows 
start to become absorptive in the 11 micron NH3 band at tempera- 
tures above 320°K. In addition, chemical reactions between the 
fill gases and the window anti -reflectance coatings are promoted 
at higher temperatures. Therefore, a maximum operating tempera- 
ture of320°Kis recommended, although operation up to 350°K is 
possible. Gas temperature measurement accuracy, limited chiefly 
by cell temperature nonuniformities, is estimated to be ±1°K, 
one-half the peak deviation from cell average temperatures. 




Table 4-5. Blackbody Source Radiance Uncertainty 


Band 

Source 

Temperature 

Effect of ±0.3% 
Emissivity Uncertainty 

Temperature 

Uncertainty 

1 

Total 

Uncertainty 

CO 


0.06K 

0.1K 

0.16K 

■ ■ 

0.12K 

0.1K 

0.22K 

nh 3 

240K 

0.14K 

0.1K 

0.24K 

350K 

0.27K 

0.1K 

0.37K 


Table 4-6. Typical Pressure Setting Control Accuracy 
(from EOM Gas Response Tests, 4/7/76) 


Nominal 

Pressure 

Torr 

Trial 1 
Results 

Trial 2 
Results 

Trial 3 
Results 

760 

748.9 

757.6 

755.5 

mm 

700.4 

700.4 

700.1 

H 

600.2 

600.1 

600.1 

mem 

500.1 

500.0 

500.2 

400 

400.1 

400.0 

400.1 

300 

300.1 

300 1 

300.1 

200 

200.1 

200.0 

200.1 

100 

99.9 

100.0 

100.1 

50 

49.9 

49.6 

50.0 
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Table 4-7. Absorption Cell Temperature Measurements 


Thermocouple 

Number 

Ambient 
Temperature 
Case, °C 

Low 

Temperature 
Case, °C 

High 

Temperature 
Case, °C 

1 

23.4 

mm 

47.9 

2 

23.4 

mBM 

45.9 

3 

23.5 

mSM 

47.2 

4 

23.4 

-18.4 

48.3 

5 

23.4 

-16.5 

48.0 

6 

23.4 

-19.5 

49.0 

7 

23.4 

-17.0 

48.1 

8 

23.4 

-18.4 

46.8 

9 

23.4 

-18.2 

48.7 

Reservoir 

23.1 

-33.2 

55.5 

Note: 4.5 hours elapsed time between ambient case 

and low temperature case; 2.5 hours elapsed 
time between low temperature cas.* and high 
temperature case. 
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5. OPERATION AND MAINTENANCE 


5.1 EOM OPERATION 

This section describes the procedures for normal operation of the MAPS 
EOM. The EOM consists of three units: 

• Head Assembly, Drawing No. 4805836 

• Electronics Assembly, Drawing No. 291327 

• Power Supply Assembly, Drawing No. 291328. 

Section 5.1.1 lists recommended test equipment for operation and checkout 
of the EOM. Sections 5.1.2 and 5.1.3 describe operating procedures for the 
CO and NH^ modes, respectively. Procedures for alignment, calibration, mode 
conversion, and troubleshooting are described in later sections. 

The procedures described in this section are intended to aid in veri- 
fying normal functioning of the EOM, but need not be considered mandatory. 
The following notes may be helpful in considering alternate procedures: 

1) The five power control switches on the Power Supply Unit may 
be switched on or off in any order without damage to the 
equipment. 

2) The switches for the "TE Cooler" and "Bias" controls have no 
effect when operating in the NHg mode. 

3) The test points on the Electronics and Power Supply Units are 
buffered, providing short circuit protection. 

4) The chopper motor voltage and frequency controls are not 
interlocked; motor damage could occur if the motor is oper- 
ated for sustained periods at the lowest speed position and 
highest voltage position. 

5.1.1 Test Equipment 

The following test equipment is recommended for use during EOM oper- 
ation and checkout: 

1) Oscilloscope, dual beam 

2) Digital voltmeter 

3) Chart recorder, two-channel 
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4) Blackbody source, 8 cm square or larger, controllable from 
ambient to 350K 

5) Blackbody source, 8 cm square or larger, cooled to 270 +5K. 

5.1.2 CO Mode Operation 

5. 1.2.1 Position the Head Assembly to view the warm blackbody source set 
for the balance temperature (typically 320K). 

5. 1.2. 2 Verify that the interconnecting cables between the three units are 
firmly connected and that the power supply unit is connected to a 60 Hz, 

115 Vac power line. 

5. 1.2. 3 Set the mode switch on the Electronics Unit to the "CO mode" posi- 
tion. 

5. 1.2. 4 Set the motor speed control switch to the "medium" position and 
the motor voltage switch to the "40 V" position. 

5. 1.2. 5 Set the motor drive select switch to the "Int" position, providing 
an internal oscillator for chopper motor frequency control. This avoids 
the necessity for supplying an external clock at the input jack labeled 
"Ext Clk," an optional feature provided for engineering test purposes. 

5. 1.2. 6 Switch the main power breaker switch on the Power Supply Unit to 
the on (up) position. 

5. 1.2. 7 Switch the "Electronics" power control switch on the Power Supply 
Unit to the on (up) position. 

5. 1.2. 8 Using the DVM, check the +5, +15 and -15 volts voltage test points 
on the Power Supply Unit. The voltage should be within 0.1 volt of nominal. 

5. 1.2. 9 Turn the "MTR" power control switch to the on (up) position, and 
check the + and - motor voltage test points with the DVM. The positive and 
negative motor voltages should be equal to the nominal value within two 
volts and equal in magnitude to each other within one volt. 

5.1.2.10 Turn the "BB Heater" and "TE Cooler" power control switches on 
the Power Supply Unit to the on (up) position. 
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5.1.2.11 Sequentially monitor the temperature test points "Det-1," "Det-2," 
"Det-3," and "BB-3" on the Electronics unit using the DVM. These test points 
are thermistor bridge outputs for the three detectors and the hot balance 
blackbody in the EOM head (see Section 5.1.5). The bridge outputs for the 
detectors should drop to a value in the range of ±0.025 volt within five 
minutes' time, indicating that the temperature control loops are regulating 
the detector temperatures to their set points. Similarly, the voltage at 
"BB-3" should drop to ±0.025 volt within 10 minutes' time. 

5.1.2.12 Connect the oscilloscope to the "S2" detector signal test point 
on the Electronics Panel.* Synchronize the scope sweep using the signal 
supplied for that purpose at the "Scope Sync" BNC connector on the Electro- 
nics Panel. The "Sync Select" switch adjacent to the scope sync connector 
provides selection of either the motor drive (M) or the chopper pickoff 
signal (S) for scope trigger use. The "S" position is normally used except 
for diagnostic testing. 

5.1.2.13 Turn the "Detector Bias" power control switch to the on (up) 
position. After settling of transients, the waveform on the oscilloscope 
should appear as shown in Figure 5-1. 

5.1.2.14 Check the "SI" and "S3" detector waveforms. These should be 
similar to "S2" but inverted. The amplitude of the three detector signals 
should be equal within 20 percent. 

5.1.2.15 Measure the "V" and "R" outputs with the DVM. Nominal values are 
given +1.6 Vdc volt output and +2.5 Vdc R output, assuming a 320K target 
source and full aperture/full field conditions. If results differ from 
nominal by more than 20 percent, review instrument calibration data to 
verify that levels are consistent with normal operation. 

5.1.2.16 Measure the &V output with the DVM. If the average value exceeds 
0.2 volt in absolute value, adjust the a V trim potentiometer to null the a V 
signal. Repeat this procedure for aV'. This provides a coarse balance 
adjustment. 


★ 

NOTE: The outputs SI, S2, and S3 are buffered from the preamp signals by 

an amplifier with gain of 0.5. 
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Figure 5-1. S2 Waveform for 325K Source, 

CO Mode. 

Scale: 0.5 V/cm, 2 ms /cm 

5.1.2.17 Connect the &V and &V' outputs to the strip chart recorder and 
set the sensitivity in the range of 0.1 to 0.2 volts/cm. 

5.1.2.18 Verify that the instrument has been operating for at least 15 min- 
utes to ensure warmup stabilization. Alternately position the warm aha cold 
balance blackbody sources in the instrument field of view, recording the aV 
and i,V' outputs for at least 30 seconds in each position. By trial, adjust 
the & : V and aV' trimpots such that the signal is equal for the two target 
sources. When the signals are equal within 1 NEN (1 NEN = rms noise level), 
the instrument is considered balanced for the temperatures of the two sources. 

5.1.3 Mode Operation 

5. 1.3.1 Set up the EOM as directed in Paragraphs 5. 1.2.1 and 5. 1.2. 2. 

5. 1.3. 2 Set the mode control switch to "NH^ mode." Set the motor speed 
control switch to the "Low" position, and the motor voltage control switch 
to the "20 V" position. 

5. 1.3. 3 Turn the power supply switch to the "on" position, and set the 
power control switches for "Electronics," "BB Heater" and "Mtr" to the on 
(upj position. 

5. 1.3. 4 Check the supply voltages and motor drive voltage as described in 
Paragraph 5. 1.2. 8 and 5. 1.2. 9. 
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5. 1.3. 5 Check the voltage at the "BB 3" temperature Bridge test jacks. 

Within 10 minutes' time, the voltage should drop to a value less than 
0.025 volt, indicating that the warm balance source has reached the control 
set point. 

5. 1.3. 6 Check the signal waveforms at SI, S2, and S3. The waveforms should 
appear as shown in Figure 5-2, with S2 inverted with respect to SI and S2. 
Amplitudes should be equal within 20 percent. 

5. 1.3. 7 Check the V and R radiometric outputs. Nominal values are 2.2 Vdc 
and 1.5 Vdc, respectively. Review instrument calibration data if differences 
from nominal exceed 20 percent. 

5. 1.3. 8 Check and adjust the instrument balance as indicated in Paragraphs 
5.1.2.16 through 5.1.2.18. 



Figure 5-2. Si (top) and S2 inverted 


(bottom) for 325K Source, 

NH3 mode. 

Scale: 0.5 V/cm, 5 ms/cm 

5.1.4 EOM Mode Conversion 

This section describes the procedure for converting the EOM from the 
CO mode to the NH^ mode. The prrcedure may be reversed for converting back 
to the CO mode. 
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5. 1.4.1 Remove the top and bottom covers from the EOM Head, and remove the 
three preamp covers. 

5. 1.4. 2 Disconnect the three preamp connectors beneath the baseplate. 

5. 1.4. 3 Disconnect the getter leads and the detector cooler leads at the 
splice connection points approximately two inches from the detector pins. 

5. 1.4. 4 Remove the preamp board mounting screws, leaving the preamp leads 
to the detector connected. 

5. 1.4. 5 Detach one end of the braided heat conduction strap at the rear 
of the detector assembly. 

5. 1.4. 6 Remove the two vertical adjustment clamp screws from the detector 
mount allowing the detector, the preamp, and the detector mount adapater to 
be removed from the Head Assembly. 

5. 1.4. 7 Remove beamsplitter #1 assembly (beamsplitter closest to the 

filter) by removing the nuts beneath the baseplate. NOTE: this assembly 

is doweled for ease of replacement. 

5. 1.4. 8 Replace the beamsplitter window in the removed assembly with the 
appropriate replacement (i.e., beamsplitter coated for the 8 to 12 
micron spectral region). 

5. 1.4. 9 Without removing the #2 beamsplitter mount from the baseplate, 
remove the #2 beamsplitter window. 

5.1.4.10 Remove the three CO gas cells and cell clamp assemblies, taking 
care to avoid breaking the pinch-off tubes. 

5.1.4.11 Disassemble the cell clamps from the CO cells, and install the 
NH^ gas cells in the cell clamps taking care to center each cell in the 
clamp assembly. 

5.1.4.12 Install the NH^ cells in the Head Assembly, placing the 20 
percent NH^ cell in the SI branch and the 5 percent NH^ cell in the S3 
branch. 

5.1.4.13 Carefully remove the aperture plate which clamps the filter 
in place. Clean white gloves should be used to avoid fingerprints 

on the filter. Care must be exercised to prevent dropping the filter 
as the clamp plate is removed. 
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5.1.4.14 Install the NH^ mode filter pair (blocking element plus bandpass 
filter), using a thin annular gasket to separate the two elements, and 
replace the aperture plate. NOTE: This procedure may be facilitated by 
standing the Head on end, pointed downward. 

5.1.4.15 Install the appropriate beamsplitter window in beamsplitter 
assembly #2. 

5.1.4.16 Replace beamsplitter assembly #1 using the dowel pins to fix 
its position. 

5.1.4.17 Install the pyroelectric detectors with their preamps and mount 
adapters. Mount the pyroelectric preamp boards on the baseplate and 
connect the preamp connectors. 

5.1.4.18 Attach the micrometer adjustment aids onto the detector mounts. 

5.1.4.19 Connect all cables and operate the instrument in accordance 
with normal operating procedures. Viewing a hot uniform source, adjust 
each detector vertically for peak output (use the V channel signal 

for peaking the S2 branch). The detectors should normally be preset 
to the appropriate focus and horizontal settings. 

5.1.4.20 Perform vertical gradient response tests to determine optimum 
vertical axis detector settings for the SI and S3 detectors. 

5.1.4.21 Check gradient response in each axis. If the response exceeds 
normal limits established during equipment acceptance tes + s, repeat 

the optics alignment procedure given in Section 5.2.2. 

5.1.4.22 Remove the micrometer alignment aids, replace all preamp 
covers, and replace the top and bottom covers on the head assembly. 

5.1.5 Temperature Readouts 

There are six temperature test points on the front panel of the MAPS 
Electronic Assembly; BB-1, BB-2, BB-3, Det-1 , Det-2, and Det-3. All of 
these temperature test points provide an output voltage proportional to 
temperature. BB-1 and BB-2 are measures of the two nontemperature control- 
led internal blackbody sources. Since these blackbody sources are thermally 
connected to the MAPS EOM Head baseplate, they provide a reasonably good 
measure of the Head temperature. BB-3 is a measure of the heated internal 
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balance source temperature. Figure 5-3 shows output voltage as a function 
of temperature for BB-1 and BB-2. The slope of the curve Is 275 mv/K at 
laboratory ambient temperature. Figure 5-4 shows output voltage as a func- 
tion of temperature for BB-3. The slope of this curve is 470 mv/K near the 
zero volt output level. 

Det-1, Det-2, and Det-3 are temperature outputs for the cooled 
PbSe cells used in the CO mode. The PbSe detectors are cooled by thermo- 
electric coolers, controlled by a closed-loop servo system which utilizes 
sensing thermistors in the detector package for temperature feedback. 

The thermistor characteristics vary considerably from detector-to-detector, 
requiring a selectable shunt resistor In the MAPS Electronic Assembly for 
each detector. An operating temperature of 203K was selected for the PbSe 
cells and selectable shunt resistor values, R^, were calculated for each 
detector. The values are: 

S/N 003: R $ = 340 Kfl 

S/N 004: R $ = 150 K a 

S/N 005: R $ = 316 Kft 

S/N 006: R $ = 487 Kn 

S/N 007: R $ = 280 Kq 

Figures 5-5 and 5-6 show the temperature test point voltages as a function 
of temperature for each detector, with the above shunt resistor installed 
on circuit board 104 as described below. These shunt resistors affect the 
detector temperature readouts but not the servo control operation. 

If a detector is changed, the appropriate value of shunt resistor 
(tolerance of ±1 percent) must be installed on circuit board 104. The 
schematic designations are: 

Det-1 (AV channel): R56 

Det-2 (Reference or V channel): R49 
Det-3 (AV channel): R42. 

In addition to the shunt resistor change, a potentiometer setting should 
be changed to provide the correct operating temperature for the servo 
control loop. The potentiometers are on board 101 and the circuit 
designations are: 
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Figure 5-6. Detector Temperature Output Versus Temperature 
Detectors S/N 003, 004, 006 
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Det-2 : 

R50 

Det-3: 

R83 


Adjusting these pots to achieve zero volt readouts from the detector temper- 
ature test points with the appropriate shunt resistors will set the detector 
temperatures to 203K (-70°C). 

5.2 EOM OPTICAL ALIGNMENT 

The procedure in this section covers alignment of the EOM optics, 
including vignetting tests, detector focussing adjustments, and adjustments 
of the detectors and field lenses for minimum gradient response. 

5.2.1 Equipment Requirements 

In addition to the equipment listed in Section 5.1.1, the following 
items are needed to perform optical alignment adju *ments: 

1) Small IR source, 1000K or greater, 0.5 ±0.2 cm diameter, with 
collimator 

2) Rotary table, with EOM Head mounting fixture 

3) Chopper, 20 ±10 Hz, for use with IR source 

4) Lock in voltmeter. 

5.2.2 Alignment Procedure 

5.2.2. 1 Set up the EOM for normal operation viewing a uniform black 
target at 350 ±5K. Block the balance source energy beam at the balance 
source relay lens. Monitor the amplified detector signals SI, S2, and 

S3 at the EOM Electronics Unit using an oscilloscope. Using the micrometer 
adjustments on the detector mounts, adjust each detector in the vertical 
and horizontal axes for peak output. Adjust the preamp gains to provide 
signal levels in the range from 2 to 3 volts peak to peak at SI, S2, 
and S3, matched co each other within 20 percent. 

5. 2. 2. 2 Insert a knife edge into the beam just before the gas cells. 

Verify that the knife edge can be inserted at least 1.5 mm inside the 
clear eoerture of each cell from the right, left, top, or bottom without 
vignetting as determined by monitoring the appropriate detector output. 

If vignetting occurs, move the lens assembly to center the beam and 
repeat step 5.2.2. 1 . 
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5. 2. 2. 3 Repeat the vignetting test of 5. 2. 2. 2 with the scene energy 
path blocked and the balance energy path unobstructed. If vignetting 
occurs at detector #1 (aV branch), adjust the beam combiner to center 
the beam. If vignetting occurs at detector #2 (common branch), adjust 
beamsplitter #2 to cente- the beam. If vignetting occurs at detector #3 
{ aV ‘ branch), adjust toe folding mirror to center the beam. Remove all 
obstructions from the unit at the completion of this step. 

5. 2. 2.4 Mount the EOM head assembly on the rotary table, such that 
the head rotates about an axis passing through the objective lens 
nodal point (rear vertex), ±6 millimeters. Arrange the point source 
and collimator to produce a collimated beam overfilling the objective 
lens and normal to the rotation axis within ±0.1 degree. Apply power 
to the unit for normal operation, except for the chopper motor which 
should be turned off. Manually position the chopper to an open position 
for the scene energy path. 

5.2.2. 5 Set up the chopper to modulate the point source, and connect 
the lock-in voltmeter to one of the detector signals (SI, S2, or S3) 
at the electronics unit. Measure the detector response profile as the 
rotary table is turned to scan the source through the FOV. Repeat 
this procedure, adjusting detector focus in steps of approximately 

0.1 mm until maximum flatness of response across the field of view 
is obtained for each detector. 

5. 2. 2. 6 Observing the S-2 response, perform vernier adjustment of the 
detector horizontal and vertical position for maximum symmetry of the 
response over the field of view. 

5.2. 2. 7 Replace the point source and collimator with a step gradient 
target, with target temperatures 300 +5K and 350 ±5K. Remove the lock-in 
voltmeter, turn on the internal chopper, and connect the chart recorder 
to the V and aV outputs. Adjust the balance trimpots on the electronics 
panel to balance aV and aV' for the two sources. Record the V and aV 
outputs as the field of view is scanned across the gradient. Adjust 
detector #1 horizontal position for minimum aV gradient response. 
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5. 2. 2. 8 Translate the #1 detector/lens assembly horizontally in steps 
of 0.25 mm using the guide bars on the baseplate to avoid rotation of 
the assembly. At each step, readjust the detector for minimum AV 
response during gradient scans. (NOTE: The AV trimpot should be 
readjusted after each step for proper balance.) Find the location of the 
assembly which minimizes the aV response, avoiding adjustments greater than 
1 mm from the initial location. 

5. 2. 2. 9 Repeat the procedure of step 3. 1.3. 8 for the aV' lens/detector 
assembly, minimizing the aV' horizontal gradient response. 

5.2.2.10 Center the instrument field of view on the 350K target. Using a 
uniform black plate at ambient temperature, manually perform a vertical 
axis gradient scan by slowly covering and uncovering the 350K target. 

Record the V signal and the AV signal during the gradient scan. Vertically 
adjust the aV detector for minimum gradient response. Repeat this procedure 
for the aV' channel. 

5.2.2.11 Recheck the horizontal gradient response for aV and aV'. If 
a change greater than 10 percent is noted, readjust the appropriate 
detector in the horizontal axis for minimum gradient response. Iterate 
steps 5.2. 2. 7 to 5.2.2.10 until the best composite horizontal /vertical 
gradient response is achieved. 

5.3 TROUBLESHOOTING 

Table 5-1 provides a troubleshooting guide for the MAPS EOM. Addi- 
tional discussion of fault isolation techniques is provided in Section 
5.3.1 below. Section 5.3.2 describes the procedure for firing the getters 
in the PbSe detectors. Section 5.3.3 discusses detector replacement pro- 
cedures . 

5.3.1 EOM Electronics Troubleshooting 

The troubleshooting guide of Table 5-1 should be followed as an aid 
in isolating a problem to a specific area of the electronics. 

The subparagraphs below provide additional troubleshooting data with 
regard to the various relatively independent circuit sections. 
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Table 5-1. Troubleshooting Guide for MAPS EOM (Continued) 
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Table 5-1. Troubleshooting Guide for MAPS EOM (Continued) 
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d) Noisy preamp d) Compare preamp, noise levels. 

e) EMI problems e) Check waveforms for noise spikes 
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check resistance on head end 
from pin 7 to pin 8. Should be 
% 75 ohms 



Table 5-1. Troubleshooting Guide for MAPS EOM (Continued) 
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head connector, pins 9 and 11 



Table 5-1. Troubleshooting Guide for MAPS EOM (Continued) 








u 




3 


<4-> 

CO 









a> 




3 


to 

c 









4-> 




U 

"O 


*n 





&- 




4-> 


&- 


to 

c 

Q> 

Q. 





o 


4-> 


*1“ 


01 

a 

> 

to 

O 


E 




4- 


tO 


s 



a> 



c 

U 

g 








01 

+J 

o 

TJ 

0J 

co 

<0 

O 

5 




0J 


0) 



3 

o 


s. 

*3 

43 


&~ 




o> 


o> 



O. 

u 

a> 

o 


CO 

O 





to 


<0 


s- 

■M 


Z 

4-> 



a> 

4J 


CO 


4-> 




o 

3 

UJ 


«/> 

o 

<o 

c 

(0 




i— 




•M 

O 


4- 

0> 


a> 

c 



u 


O 


o 


to 




u 

o 

u 

o 

cs 


<L) 


> 

u 

> 


r— 

> 

> 

* 


0) 


u 



JC 



to 



3 



■P 

o 

c 

u 




o 


&. 

•n 

s- 


o> 

<5f 

CO 

C 

+3 

c 

o 

a> 

C\J 




01 

i 

0) 


JU 

• 


0) 


o 


■M 



T3 



■u 



C 

CO 


CO 

u 

o 

CO 

to 

1 


0) 


o 

CO 

o 



+ 


0J 

0J 


•r 




“O 

o 

o 

<u 

o 


> 


3 

L- 

4-> 

*0 

E 

u 

r— 

<D 

c 

+-> 

o 

+-> 

u 



u 

4- 

CL 

x> 

fO 

c 

cx 


u 

o> 

T* 






o 



a> 

0) 

0) 

o 

<U 

3 

F 

? 

UJ 

+-> 

UJ 


• 

4- 

4- 

CO 

a> 

XT 

JC 

s- 

x> 

4J 

£ 

to 

H* 

t0 

1— 

^tfc 

CO 


•r 




4-> 

CL 


<0 

O 










s- 

0) 


CL 

•o 

L- 

u 



2> 


TJ 


«0* 


01 

o 

> 

JX 

to 

r— 

a> 

CD 

u 

O 


o 

u 

o 

cy 

U 

> 

4-> 


U 


3 

a. 

or 

0) 

0> 

O 

<u 

<0 

0) 


a> 

•r— 

U 

s 

aj 

Of 

O 

E 


XT 

XT 


x: 

o 

x: 

4- 

x= 

i- 

0> 

q) 

x: 

JZ 

jz 

a> 


o 

O 


o 

CO 

o 

O 

o 

“O 

+-> 

cc 

o 

4-> 

oo 

+-> 


















f0 

-O 


o 


TJ 


« 



JO 






CO 

<u 

&- 







3 


“O 

<b 


cn 







c— 


S- 

X> 


c 





>> 


•t— 

> 

<0 



•r— 



r 




to 


«§ 

E 


to 


<D 

c. 


Ol 


4- 

^0“ 

3 


c 


to 

CL 

” 

CL 





3 


<D 


3 

3 

> 

3 


CO 

co 

c 

O 


CO 


<0 

CO 


to 


c 


o 

10 




O 


4-> 



-r— 

4- 


> 


4- 

u 


s. 

o 

u 


U 

O 

u 


c 

O 

o 

0> 

<u 

c 

0J 


•n 


o 

s- 

o 


4-> 

r— 

1* 



<u 


0J 

4-> 

o 


0> 

to 

-O 

o 

JZ 

o 

u 


u 

to 

■M 

+-> 

S- 

•p— 

•r- 

o 

u 

o 

3 

<D 

3 

r— 

U 

10 

3 

E 

to 

u 

4-> 

u 

r— 


r— 

3 

0) 

“O 

r™ 

C 

CO 




•r— 

X) 

•r— 

CD 

4-> 

<0 

•r— 

0> 

o 

UJ 


UJ 

<0 

<0 

10 

0) 

0) 

u 

<0 

x: 

CL 

1— 

to 

H- 

4- 

<_> 

LL 

U 

O 

CT) 

LL 

4-> 









^ ^ 





<0 


X3 


U 

J 


<0 


-O 





u 

i 






o 

c 







o 













(0 

■4J 






E 

(J 



4-> 


u 

C 

C 



3 


o 

o 

3 


U 

O 


*L> 

c 

4- 


o 

“O 

E 

U 

JD 



4-> 

to 

a> 

0) 

to 

4-> 


U 

0J 

r— 

4-> 


O 


QJ 

s- 

X3 

ai 

CO 

c 


4-> 


O 

TJ 

0) 



0J 

<u 

u 


u 

to 


■o 

u 

CL 

QJ 

3 

u 



3 


0) 

4-> 

0) 


0) 

4-J 


5- 

to 



c 

to 


x: 

u 

o 


o 

s. 


«L> 

<u 

CL 

5 

V 


>> 

s. 


p— 

E 


o> 


E 


r— 

ai 

UJ 

c 

c 

S 


< 

4-> 

H- 

•r* 

o 

4-> 


JD 

to 


CNJ 


5-22 



Table 5-1. Troubleshooting Guide for MAPS EOM (Continued) 







S- 










o 


S- 








M- 


o 




o 






40 

40 



40 



a> 

X 


(J 

3 






C- 

o 

C. 

CD 

Q_ 

O 

CO 

40 



3 

-Q 

CD 

40 

40 

U 


3 



“O 


> 

CD 

3 

CD 

o 

o 

CD 


<u 

a) 

O 

O 

O 

M 

<d 


.a 


u 

u 





-C 




o 

c 

>> 


CD 

XT 

CJ 

O) 

“O 


s- 

fO 

C. 

• 

CD 

CD 


<0 

r- • 


O- 

40 

<v 

CD 

rtJ 

3 

X> 

40 

3 



CO 

> 

CD 

40 

O 

CD 

r— 

O 


c 

•f— 


C 

r— 

t- 

-o 

o 

-C 

</> 

o 

CO 

T3 

ta 

o 

x: 

C 

> 

CO 

4-> 

•r— 

a* 

c: 

L- 

> 

40 

CD 



r— 

4~> 

5- 





p 

a> 


O 

CJ 




CD 

>, 

p 

> 

• 

> 

CD 

CD 

i- 

O 

S- 

t- 

O 

*r- 



i — 

40 

o 

o 

3 

m 

u 


CD 

CD 

CD 

3 

40 

IT) 

40 

> 

CD 

X. 

r— 


(/> 

■M 

CO 


<D 


cc 


o 

O 


•f— 

•r- 

O 

S- 

x> 



o 

+-> 


4-> 

E 

40 

CD 

r— 


o 

o 


CJ 

CO 

C 


Q_ 

3 


cd 


00 

CD 

X) 

CD 

SX 

E 

O 


_c 

LU 


-C 

3 

-C 

O 

CD 

-C 


o 

h- 

<? 

CJ 

CO 

40 

LO 


CO 













u 



"O 

CD 






+-> 





£ 








3 






CD 


x: 



40 





CO 

CD 


3 



O 



CD 


O 


CD 

O 


CD 

X) 


XJ 


CO 

CJ 


r— 

•r— 


ra 

CD 

3 



XI 

S- 


a; 

U 

fO 

LU 

40 

CO 

XI 


s. 

3 

cj 

h- 

•r- 

40 




r— 



3 

U 

c 


(D 

•t— 

CD 

4-* 

CJ 

CD 

•*— 


C. 

<o 

r— 

O 

$~ 

r— 



3 

4- 

-O 


*1— 

CD 

s- 


40 


*r“ 

CD 

( 

CO 

o 

40 

<13 

40 

CO 

S- 



40 

•r— 

C. 

•f— 

CO 

3 

CD 

CD 

CO 

3 

CD 

3 

JO 

r— 

> 

c 


CJ 

Cl 

CJ 



# p“ 

o 

</l 

C- 


s- 


03 

S- 

s- 

CD 

*r— 

CD 

*r~ 


Li_ 

X 


S- 

o 

1— 

cj 


^ K 








O 


X> 



CD 




5-23 



The areas covered are: 

a) Preamplifier Bias Regulators (5. 3. 1.1) 

b) Lead Selenide Gain Stages (5 3.1.2) 

c) Pyroelectric Gain Stages (5. 3. 1.3) 

d) The aV and AV' Balancing AGC Circuit (5. 3. 1.4) 

e) "V" Output Circuit (5. 3. 1.5) 

f) "R" Output Circuit (5. 3. 1.6) 

g) a V and AV' Output Circuits (5. 3. 1.7) 

h) Motor Drive Circuits (5. 3. 1.8) 

i) S and R Pickoff Circuits (5. 3. 1.9) 

j) Temperature Readout Circuits (5.3.1.10) 

k) i£ Cooler Drivers (5.3.1.11) 

l) BB #3 Heater Driver (5.3.1.12). 

5. 3. 1.1 Preamplifier Bias Regulators (Schematic SK-MAPS-BB-104) 

These circuits provide regulated +12, -12 and +100 volt power to 
the 3 amplification circuits in the optics assembly. They should be 
checked when the performance of all 3 amplifiers is abnormal. 

The 3 regulators are located on board #4 in the centet of the 
electronics assembly. 

All 3 regulators are indirectly referenced to a precision 6.4 volt 
zener diode VR1 so it should be checked first. 

API and Q1 form an inverting amplifier to develop the -12 V line 
from the reference voltage. With a DVM check the voltage at the 
emitter of Q1 for -12 volts. Potentiometer R5 should adjust this voltage. 

AR2 and Q2 form a unity gain inverter to develop + 1 2 volts from the 
-12 V line. Check for +12 V at the emitter of Q2. 
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Finally AR3 and Q3 form ar. Inverting amplifier to control the +100 V 
output by also referencing to the -12 V line. VR2 is a level shifting 
zener diode used to keep AR3 within its linear operating region. The volt- 
age at the emitter of Q3 should reaa +100 V. 

5. 3. 1.2 Lead Selenide Gain Stages (Schematic SK-MAPS-BB-106) 

These circuits (3 identical used) are used ir. the CO mode with 
the lead selenide detectors. 

Troubleshooting checks of these circuits can be made by substituting 
channels or by checking operation with a function generator and an ac 
voltmeter or scope. 

The gain of the first stage (Q1 ar.d AR1) should be 50 over a frequency 
range of 5 Hz to 3 kHz. The -3DB gam points should be 1 Hz and 5.0 kHz. 

The second stage (AR2) gain is determined by the setting of potentiometer 

R14. 

With the pot set for minimum resistance, the gain should be « 21 . 

The high frequency comer should be «6.4 kHz. 

5. 3. 1.3 Pyroe lectric Gain Stages (Schematic SK-MAPS-B3-105) 

These circuits (3 identical) are used in the NH^ mode with the 
pyroelectric detectors. 

Troubleshooting checks of these circuits can be ma Jr by substituting 
channels or by checking operation with a function generator and an 
ac voltmeter or scope. 

The gain and frequency response of the preamplifier (01 and AR1) is 
not flat. The gain increases at +6 dB/octave from «0. 32 Hz to 160 Hz. The 
gain at 39 Hz should check at 250 ±10 percent. 

The second stage (AR2) gain is determined by the setting of the 
potentiometer R18. 

With th~ pot set for minimum resist. _e, the gain should be «42. 

The high frequency corner should be «C00 riz. 


5-25 



5. 3. 1.4 The aV and AV' Balancing A6C Circuits (Schematic SK-MAPS-BB-1C2) 

These circuits are contained on board #2 of the electronics assembly. 
As the aV and aV* AGC loop circuits are identical in design and operation, 
troubleshooting information for one channel is directly applicable to 
the other side. 

To check the operation of the aV AGC loop circuits, make the 
following tests: 

a) The first check is to compare the outputs of the (SI + Rl) 
and (S2 + R2) buffer 3mplifiers AR1 and AR2. The signals 
are present at the S'* and S2 test jacks on the front panel . 

The radiometric signals there should contain both a "S" and 
a “R" component. They should be within ±20 percent of each 
other in amplitude and should be of opposite phase. 

b) The second check should be with an oscilloscope at the loop 
differencing amplifier output (Pin 6 or AR6). At this point 
the (SI + Rl) and (S2 + R2) signals have been subtracted. 

The "R" component at this point should be very nearly zero 
and only the "S" component should remain. The signals have 
been made equal at the input to AR6 by the gain control ele- 
ment AR4 (an analog multiplier). 

c) The third point to check is the output of the "R“ demodu- 
lator (Pin e of ARID). The dc voltage here (as measured 
with a DVM) should be within ±5 millivolts of zero. This 
output is the loop null error signal and should be nonzero 
only on a transient basis. 

d) The final circuit section of the AGC loop is the AGC Inte- 
grator consisting of Q3 and AR13. The dc output of this 
circuit is fed back to the analog multiplier to adjust the 
(SI + Rl) leg gain to match the (S2 + R2) signal level. 

e) A test to check the AGC loop operation and time constant 
can be performed by switching a 124K shunt resistance 
across R3 at the input to the (SI + Rl) buffer stage. This 
causes a 10 percent imbalance of the AGC loop and the test 
points discussed above can be used to observe the waveforms 
as the loop rebalances. 

5. 3. 1.5 "V" Output Circuit (Schematic SK-MAPS-BB-103) 

The "V" output is ootained by full wave modulation, lowpass filtering 
and dc amplification of the (S2 + R2) buffer amplifier output. 

AR1, Z1 and associated circuitry on board #3 comprise the "V" demodu- 
lator. AR2 and associated circuitry is a second order active filter with 
a gain of 4 and a double break at 0.22 Hz. 
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To check the operation of this circuit, use an oscilloscope to measure 
the peak to peak amplitude of the S component at the S2 test jack on the 
front panel. Do not include the higher frequency R component. 

The dc voltage at the demodulator output (Pin 6 of AR1) should be 
equal to 0.5 times the peak to peak S component at the S2 test jack. 

To verify that the V demodulator timing is correctly set, check 
the waveform at the junction of R1 and R3. This point is switched to 
ground on alternate half cycles of the S timing signal on Pin 9 of Zl. 

If switching transient spikes are present, the S ref. phase delay should 
be adjusted (R63 on board #3). 

To check the output filter amplifier, compare the dc demodulator 
output with the “V" signal output voltage. The gain should be four. 

5. 3. 1.6 "R" Output Circuit (Schematic SK-MPAS-BB-102) 

The ,! R" output is obtained by full wave demodulator lowpass filtering, 
and dc amplification of the (S2 + R2) buffer amplifier output. 

AR11, Z2, and associated circuitry on board #2 comprise the "R" demod- 
ulator. AR14 and associated circuitry is the second order active filter 
with a gain of 10 and a double break at 0.22 Hz. 

To check the operation of this circuitry, use an oscilloscope to 
measure the peak to peak amplitude of the R component at the S2 test 
jack on the front panel. (The S component can be eliminated by blocking 
the objective lens of the sensor head.) The dc voltage at the demodulator 
output (Pin 6, ARU) should be equal to 0.5 times the peak to peak R 
component at the S2 test jack. \ 

To verify that the R demodulation timing is correctly set, check 
the waveform at the junction of R54 and R56. This point is switched to 
ground on alternate half cycles of the R timing signal on Pin 13 of Z2. 

If switching transient spikes are present, the R - phase delay should 
be adjusted fo~ minimum switching spikes (R58 on board #3). 

To check the output filter amplifier, compare the dc demodulator 
output with the "R" output voltage. The overall gain should be ten. 
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5. 3. 1.7 aV and AV 1 Output Circuits (Schematic SK-MAPS-BB-103) 

The aV and aV* outputs are obtained by full wave demodulation, low- 
pass filtering and dc amplification of the S component of the 2 difference 
amplifiers AR7 and AR8 on board E2. 

The circuit functions are identical to the "V" output circuit 
except the output amplifier gain is 6 instead of 4. 

The aV signal circuitry consists of AR3, Z2, AR4 and associated 
components. The aV' signal circuitry consists of AR5, Z3, AR6 and 
associated components. 

The inputs to the aV and aV' demodulators are obtained from the 
gain of 15 difference amplifiers on board #2. The front panel balance 
pots adjust the gain of one leg of the amplifier inputs to fine tune 
the (S1-S2) and (S3-S2) substraction. 

The correct operation of these circuits can be checked by an oscillo- 
scope comparison of waveform amplitudes, large 4 nsient differences at 
the S switching times are an indication of unbalanced phase delays through 
the 2 amplification chains. These can be trimmed by adjusting the value of 
selectable capacitors Cl and C3 on board #2. 

5. 3. 1.8 Motor Drive Circuits (Schematic SK-MAPS-BB1Q1) 

These circuits consist of a clock oscillator, a divide by 4 ring counter, 
and 2 push-pull output drive stages. All circuitry is on board #1 of the 
electronics Assembly. 

To check that these circuits are operating normally, perform the 
following checks: 

a) Verify that the electronics and motor drive voltages are on 
and correct, and that the clock select switch is on internal. 

b) Connect a breakout box in series with the J2 connector to 
the sensor head (15 pin connector). 

c) With an oscilloscope, check the voltage waveform on Pin 9 for 
Phase A and Pin 11 for Phase B. The voltage should be a 
squarewave which goes both plus and minus within 1 volt of 
the set supply voltage. The Phase A and Phase B waveforms 
should have a 90 degree phase relationship. 
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7f only one drive waveform is correct, the trouble is most likely in 
the other output stage (i.e., circuitry of Q2 or Q4 thru Q7 for Phase A 
and the circuitry of Q3 or Q8 thru Qll for Phase B). 


If neither waveform was present, then check output of the divide by 4 
ring counter by connecting an oscilloscope to the scope sync BNC jack and 
putting the sync switch in the M position. If a 0 to 3.5 volt sqarewave 
is present, the clock oscillator and counter are working properly. If no 
signal is present, the clock circuitry, Z1 and Z2, should be checked. 

5. 3. 1.9 The S and R Pickoff Circuits (Schematic SK-MAPS-BB-103) 

These circuits are all on the rear portion of board #3 of the electronics 
assembly. 

These circuits provide the demodulation timing signals and should be 
checked when both S, and AV are missing or when the R signal is missing. 

Each channel of pickoff, S and R is identical in implementation. 

A fixed bias resistor supplies current to a light emitting diode (LED) 
and a phototransistor provides the pickoff signal. Both the LED and the 
phototransistor are mounted on the motor wheel cover housing in the optical 
assembly. 

The pickoff voltage from each phototransistor is ac coupled to a 
squaring amplifier whose 0 to 5V logic level output is then fed to an 
adjustable digital phase delay circuit. A flip-flop (Z5A for R, and Z5B 
for S) circuit then provides the two 180 degree phase related output timing 
signals . 

To isolate a fault in these circuits, perform the following checks: 

a) Connect a breakout box in series with the head connector 03 
(50 pin). With the motor running, use an oscilloscope to 
check the signal on Pins 28 and 30. Set the oscilloscope 
input to ac coupling and check for a squarewave with poor 
rise and fall times and a peak to peak signal amplitude of 
25 millivolts or greater. If no signal is present, either 
the phototransistor or light emitting diode may be defective. 

b) To check the LED, measure the dc voltage at Pin 32 for S and 
Pin 34 for R. J4 should be +0.8 to +1.2 volts. Plus 5 volts 
indicates an open LED. Zero volts indicates a shorteu LED or 
an open bias resistor R66 or R67. 
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c) If the pickoff Inputs are normal, use the oscilloscope to 
check the output of each squaring amplifier. Check the 
collector of Q1 for the R signal and the collector of Q2 
for the S signal. The signal should be a 0 to 5 volt 
squarewave with sharp rise and fall times. An Improper 
waveform Indicates a defective squaring amplifier circuit. 

d) If the results of step (c) are satisfactory, then check each 
digital phase shift circuit by checking the Q and $ outputs 
of the J-K flip-flop (Pins 12 and B of Z5A for R and Pins 9 
and 8 of Z5B for S). The flip-flop outputs (Q and Q2 should 
be 0 to 3.5 volt squarewaves with a 180 degree phase relation- 
ship. 

The output sqa rewave should be delayed relative to the 
squaring amplifier output and the delay should be adjust- 
able to pot R58 for the R signal and pot R63 for the S 
signal. 

If these waveforms are correct, the pickoff circuits are 
operating properly. 

5.3.1.10 Temperature Readout Circuits (Schematic SK-MAPS-BB-104) 

Board #4 of the electronics assembly contains 6 temperature readout 
circuits which monitor the 3 cooled detector temperatures and the 3 
blackbody temperatures. 

All 6 circuits are identical in the sense that a thermistor-resistor 
bridge circuit is used with a gain scaling isolation amplifier to develop 
a voltage proportional to temperature. 

The thermistor location in the bridge differs between the detector 
circuits and the BB circuits making the output polarities differ. 

A common +6.4 volt thermistor bridge bias voltage is developed by AR10 
and Q4 so this circuit should be checked first if none of the outputs are 
functioning correctly. 

To check each of the temperature readout circuits, disconnect head 
connector J3 and substitute a variable resistance box for the thermistor 
connection. Then check the output voltage as the resistance is varied. 

For BB1 and BB2, the nominal resistance to cause zero output should 
be 2500 +100 ohms. The outputs should go positive for resistances less 
than 2500 ohms. 
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For BB #3, the nominal resistance to cause zero output should be 
1650 ohms +100 ohms. The output should go positive for resistance less 
than 1650 ohms. 

For the 3 detector temperature readouts, the value of resistance needed 
to give zero out is a function of the selected trim resistor used to match 
a given detector. However, to check the circuits the output voltage should 
be greater than -10 volts for a resistance of 10K. The voltage should go 
to zero for a resistance in the range of 120K to 800K and should give a 
positive output for a larger resistance. 

5.3.1.11 TE Cooler Drivers (Schematic SK-MAPS-RR-101 ) 

The three identical TE cooler driver circuits are located on board 
1 of the electronics assembly. 

This circuit consists of a gain of 100 amplifier which Differences 
a set point voltage and the detector temperavjre readout voltage followed 
by a darlington connected emitter follower to drive the TE cooler. 

To check the operation of these circuits, disconnect head connector 
J2 (15 pin) and substitute a 20 ohm dummy load in place of the TE 
cooler. Also disconnect the detector temperature voltage input from 
board #4. 

By varying the set point potentiometer output voltage, (R76 for TE 
driver HI) check the amplified and emitter follower function. 

5.3.1.12 BB *3 Heater Driver (Schematic SK-MAPS-BB-1 01 ) 

The BB #3 heater driver is a full on/full off type circuit contained 
on board #1 of the electronics assembly. 

The circuit consists of OP-AMP AR1 and output transistors Q12 and 
AR1 is used with positive feedback so that a deadzone can be set with 
pot R66. Pot R39 sets the temperature switching point. 

To check the circuit operation, first verify that the heater re- 
sistance is approximately 75 ohms or substitute a 75f; dummy load for the 
heater. 
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Next check the set point potentiometer output (wiper of R39) and 
verify that it can be adjusted either side of zero volts. 

By disconnecting the BB #3 temperature readout voltage from board #1 
and substituting a variable voltage source, check that AR1 can be caused 
to switch between ± saturation. Also check that the output transistors 
switch on and off. 

5.3.2 PbSe Detector Getter Firing 

The PbSe detectors should provide cooling of the sensing element 
to a temperature below 200K, with a voltage of 6 volts or less across 
the cooler and the base mounted to a 300K heat sink. The detector 
temperature is sensed by a thermistor bead adjacent to the PbSe flake. 
Thermistor calibration curves for the five units procured during the 
MAPS program are shown in Figures 5-7 and 5-8. If the detector fails 
to cool as prescribed above, the probable cause is a degradation of the 
vacuum within the detector housing. The vacuum can generally be re- 
stored to an acceptable level by firing the getter, provided that no 
gross leakage in the vacuum seal is present. 

The getter consist of a ribbon of metallic material mounted 
between a pair of electrodes adjacent ti the thermoelectric cooler. 

The getter has a high affinity for gas molecules, especially when 
heated. The getter is "fired" using an electrical current source 
to heat the getter to approximately 800K for a brief time. The getter 
may be fired an indefinite number of times, with eventual loss of 
effectiveness determined by the total amount of absorbed contamination. 
The recommended procedure for getter firing is given below: 

1) A current source capable of 5.5 amperes rms current (ac or 
dc) at a voltage below 1 volt is required. A large dc power 
supply with current limiting is acceptable. 

2) Set the current source to limit current between 5.0 and 5.5 
amperes when connected to a short circuit load. 

3) With the current source turned off, connect the source to 
the getter firing jack for the appropriate detector at the 
EOM rear panel . 
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Figure 5-7. 

PbSe Detector Thermistor Resistance 
S/N 003 and S/N 004 
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Figure 5-8. PbSe Detector Thermistor Resistance, 
S/N 005, S/N 006 and S/N 007 
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4) Turn on the current supply for approximately 10 seconds, 

monitoring the current to verify a value between 5.0 and 
5.5 amps rms. Note: It is preferably to ramp the cur- 

rent up and down rather than switching it to minimize 
transients to the getter. 

5) Allow at least three minutes for the detector internal 
parts to cool and approach thermal equilibrium. 

6) Repeat steps 4 and 5 two more times for a total of 3 ten- 
seconds firings. 

7) Allow at least ten minutes for the detector to cool. 

Retest the unit for cooling efficiency to verify correc- 
tion of the problem. 

5.3.3 Detector Replacement 

Replacement of the pyroelectric detectors in the MAPS EOM is relatively 
simple. The 5 pyroelectric detectors procured for the EOM are interchange- 
able, having closely matched responsivities, focus settings, and generally 
well-matched zonal responses. Replacement consists of the following steps: 

1) After removing the Head top cover and preamp cover, dis- 
connect the four detector leads at the preamp board. 

2) Remove the two screws holding the detector clamp plate in 
place, and remove the detector. 

3) Install the new detector, replace the clamp plate, and 
reattach the preamp leads. 

4) Operate the EOM in accordance with the normal operating 
procedure. 

5) Observe the detector signal for the new detector. The 
detector may have become depoied during storage. Repoling 
will occur automatically if the unit is operated for approxi- 
mately one hour. 

6) Compare signal levels for the three detectors. If the 
signal level for the new detector is significantly lower 
than the other two, adjust the vertical and horizontal 
position for peak output and readjust the preamp gain if 
necessary after allowing time for repoling. 

7) Measure system gradient response as directed in the optical 
alignment procedure. Adjust detector position for minimum 
gradient response. If the gradient response is abnormally 
large, check the focus adjustment for the new detector. 

8) Replace covers and rebalance the instrument. 
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Replacement of the PbSe detectors is similar, but somewhat more 
complicated due to the cooler control loop interface and the larger zonal 
response variations between units. The following replacement procedure is 
reconmended: 

1) Remove the covers from the Head Assembly and disconnect the 
detector wires (four at the preamp board and four at the 
splice connections above the baseplate). 

2) Remove the two screws holding the detector clamp plate in 
place, and remove the detector. 

3) Install the new detector, replace the clamp plate, and 
reconnect all wires. 

4) Referring to Section 5.1.5, select the appropriate shunt 
resistor for the cooler sensing bridge. Install this 
resistor in the electronics asrembly, replacing the one 
previously used. 

5) Apply power in accordance with standard operating procedures. 
Monitor the temperature readout bridge for the new detector 
to verify normal cooler control loop operation. 

6) Install the micrometer adjustment aids on the detector mount, 
and adjust the detector horizontally and vertically for peak 
signal . 

7) Adjust the preamp gain to provide a signal level matched to 
the other two detectors within 20 percent. 

8) Measure gradient response of the instrument as directed in 
the optical alignment procedure. Adjust detector position 
for minimum response. If the gradient response is abnormally 
large, check focus position. If abnormally large response 
persists, it may be necessary to reorient the detector in 

90 degree steps to improve zonal response matching with the 
other detectors. 

9) Remove the micrometer aids, replace cjvers, and rebalance the 
instrument. 
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